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SECTION  I 

INTRODUCTION 

A.  GENERAL 

Thl3  is  the  second  in  a series  of  quarterly  progress 
reports  being  prepared  for  the  New  York  Ordnance  District  by 
the  Sperry  Gyroscope  Cocpany  on  Contract  DA-30-069-0RD-607. 

These  reports  describe  the  progress  being  made  on  the  feasibil- 
ity of  adapting  Stinger  type  fire  control  and  turret  design 
to  the  new  37-mm  gun.  The  program  for  this  contract  was  out- 
lined in  the  proposal  (Negotiation  No.  0.16434-2)  dated 
January,  1952. 

The  Stinger  is  a short  range  antiaircraft  artillery 
weapon  designed  primarily  for  use  against  low  flying  targets 
having  speeds  up  to  800  miles  an  hour.  Originally  designed  to 
use  four  caliber  .60  guns,  the  system  is  contained  in  a turret- 
type  structure  about  6 feet  in  diameter  and  about  11  feet  high 
when  mounted  in  a tank.  With  minor  alterations,  the  turret- 

4 

type  structure  can  be  mounted  on  a trailed  or  fixed  mount. 

Weighing  between  two  and  three  tons,  the  Stinger  con- 
sists of  several  separate  assemblies  which  would  make  air 
transport  feasible  in  on  early  phase.  Director  T42  consisting 
of  Radar  Tracker  T8,  an  optical  system,  and  a gyroscope  type 

* 
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Computer  T26,  provides  various  combinations  of  radar-  and  j 

optical  searching  and  tracking  which  can  be  used  depending  ! 

on  the  tactical  situation.  The  optical  3ysfceu  could  also 

' < 

be  U3ad  to  direct  ground  support  fire.  j 

! 

t 

■ - » 

This  study  has  for  its  objective  a gun  mount  similar  j 

to  Stinger  mount  T135  except  that  it  will  carry  two  newly 
designed  37-mm  guns  instead  of  four  caliber  .60  weapons.  Two 
versions  of  the  new  gun  are  under  development  for  other 
contracts;  the  T172  (Armour)  and  the  T37  (Dixon).  Both  guns 
will  be  considered  during  the  course  of  this  study.  Modifica- 
tion of  the  mount  to  accept  the  new  guns  will  involve  strength- 
ening the  structure,  the  gearing,  and  the  power  controls  T29, 
and  providing  an  ammunition  feed  and  storage  system. 

A study  of  the  vehicle  used  for  the  Gun,  Twin  40-mm 
Self-Propelled  T141  to  determine  it3  feasibility  for  Stinger 
J.s  to  be  made.  Brief  space  studies  will  be  made  to  determine 
modifications  of  the  turret  compartment  and  cockpit  of  the 
vehicle.  The  vehicle  problem  will  also  include  studies  of 
power  supply  requirements. 

A major  portion  of  the  contract  involves  the  adapta- 
tion bf  Director  T42  to  the  37-mm  HE  shell  T81.  Although  the 
tadfeidal  role  of  the  new  equipment  is  to  be  the  same  as  for 
thb  Director  T42,  the  ballistics  will  be  changed  considerably 

I 
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and  the  effective  firing  range  increased  from  200C  .yards  to 
•4500  yards.  The  ballistics  change  will  affect  only  the  Com- 
puter T26  whereas  the  increased  range  will  mean  new  require- 
ments for  both  the  Computer  T25  and  the  Tracker  T8.  Increased 
pickup  range  for  the  radar  tracker  is  expected  through  the  use 
of  improved  r-f  components  and  Improved  receiver  techniques. 

The  principal  emphasis  in  the  fire  control  study- 
will  be  placed  upon  increasing  the  accuracy.  The  higher  max- 
imum time-of-f light  and  range  both  require  greater  precision 
In  the  rate  computation.  At  the  same  time,  however,  there 
will  be  emphasis  upon  simplification  based  on  field  experience 
with  the  two  Stinger  pilot  models.  Different  degrees  of  com- 
puter  redesign  will  be'  compared  analytically  to  determine  the 
extent  of  modification  which  Is  j stifled  f„r  fire  control 
effectiveness. 


While  consideration  will  be  given  to  the  matter  of 
minimizing  rade3ign,  director  accuracy  will  not  be  compromised. 
The  simplification  objectives  will  limit  the  amount  of  exist- 
ing design  which  can  be  salvaged.  Y/hile  some  design  studies 
and  testing  are  involved  in  this  contract,  the  number  and 
scope  will  be  sufficient  only  to  decide  feasibility. 
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The  new  work  to  be  done  with  respect  to  the  overall 
Stinger  system  is  concerned  with  the  po33ible  simplification 
of  the  unit.  Such  simplification  would  be  effected  by  attempting 
to  reduce  the  number  of  components  and  by  simplifying  operation, 
maintenance,  and  manufacture.  With  this  aim  in>mi^id,  the 
following  changes  are  proposed  for  consideration.  Details 
of  the  effect  of  these  changes  on  the  computer  are  discussed 
in  Section  III 

(a)  Eliminate  stadiametric  ranging;  use  tracer  fire  with 
a speed  ring  sight  as  a secondary  mode  or  allow  the 
target  selector  operator  to  set  in  estimated  range 
while  the  turret  operator  tracks  optically  in  azi- 
muth and  elevation. 

(b)  Eliminate  tha  manual  radar  range  and  manual  radar 
angular  tracking  modes. 

(c)  Eliminate  the  tracking  scope. 

(d)  Improve  tha  PPI  presentation  with  respect  to  resolu- 
tion and  persistence,  and  eliminate  stereo  presentation. 

(e)  Eliminate  inclinometers  of  the  present  design,  and 
substitute  either  a pendulum  or  a manual  turret  level 
correction. 
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(f)  Eliminate  the  infinity  ring  sight  end  use  the  speed 
ring  sight  for  sudden  attacks  at  low  altitudes  where 
high  speed  optical  acquisition  is  pn  absolute  necessity, 
but  where  load  angles  are  small  and  tracer  fire  is 
adequate. 

(g)  Add  IFF  for  use  on  distant  targets  picked  up  by  the 
radar. 

(h)  Eliminate  emergency  operation  on  batteries  for  the 
self-propelled  mount. 

C.  RADAR  STUDIES 

During  the  last  quarter  very  little  considsration  has 
been  given  to  the  radar  for  the  37-mm  Stinger  because  manpower 
has  been  concentrated  on  completion  of  the  second  caliber  .60 
Stinger. 

However,  some  thought  has  been  given  to  the  redesign 
of  the  transmitter  using  the  or  soma  similar  high 

power  magnetron.  It  is  anticipated  that  a thorough  study  will 
.e  made  of  the  KU  band  components  which  have  been  developed 
over  the  past  few  years,  and  that  the  r-f  system  will  be  re- 
designed to  incorporate  those  components  which  are  superior 
to  the  onos  used  in  the  present  Stinger  radar. 
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fome  thought  ha  3 also  been  given  to  ths  indicating 
system.  The  main  question  to  be  answered  is  whether  or  not 
stereo  presentation  will  be  used  in  the  redesign.  Investiga- 
tions will  commence  shortly  on  this  proolem.  Whether  stereo 
Is  used  or  not,  a different  type  cathode  ray  tube  will  be 
used.  The  present  tube  (3JP1)  has  shortcomings  both  as  to 
persistence  qualities  and  resolution. 


D.  COMPUTER  STUDIES 


The  computer  program  is  proceeding  on  the  basis  of 
three  models  which  are  distinguished  by  the  amount  of  redesign 
involved.  The  design  study  of  the  Model  1 Computer  is  90  per- 
cent complete.  This  project  is  presented  In  Section  III,  in 
which  the  layouts  to  be  found  in  the  rear  of  this  report  are 
described.  The  work  specifically  remaining  on  Model  1 con- 
sists of  ballistics  mechanism  space  studies,  breadboard  tests 
of  the  precession  mechanism,  and  packaging  studies  of  the  track- 
ing unit  (main  section).  During  the  latter  project  some  degree 
of  simplification  will  be  attempted  and  some  changes  In  the 
radar  indicators  are  anticipated.  The  TM  computer  tests  for 
Modal  1 as  well  as  Medal  2 will  begin  in  January.  The  range 
servo  tests  will  probably  apply  to  all  three  computer  models. 
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The  Modal  2 Computer  study  an 3 bean  vary  active  dur- 


ing tha  pnst  quarter.  In  addition  to  a shorter  rotating  j- 

element,  tha  design  study  of  this  model  now  includes  a new  i 

typa  precession  mechanism  which  promises  a distinct  accuracy  ! 

improvement  over  Model  1.  The  new  mechanism  (called  a 

precession  torque  multiplier)  in  effect  divides  the  lead 

angle  by  modified  time  of  flight.  The  two  precession  servo3 

are  superseded  by  two  RP  (or  l/TM)  servos.  The  mechanism, 

described  in  Section  III,  paragraph  I,  will  be  built  shortly 

for  breadboard  tests.  ®s  presently  visualized,  the  Model  2 

Computer  will  also  be  considerably  simpler  than  the  Model  1. 

Packaging  and  data  flow  studies  are  in  progress  which  will 
reduce  the  number  of  cans  and  eliminate  much  of  the  gearing 
in  tha  tracking  unit.  (See  Section  III,  paragraph  B. ) 

The  Model  3 Computer  studies  are  expected  to  begin 
during  the  next  quarter.  It  is  possible  that  an  approximate 
solution  will  ba  the  basis  of  this  study  which  may  permit 
drastic  simplification  compared  to  Model  1.  This  program  can- 
not begin  until  the  course  calculations  are  complete  ss  these 
will  determine  the  mechanization  as  well  as  the  feasibility 
of  the  approximations. 

The  accuracy  study  has  begun;  the  target  course  cal- 
culations being  the  first  step.  This  da -a,  when  complete,  will; 
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(a)  Furnish  TM  values  which  can  be  used  to  study  approxi- 
mate solutions  (Model  3). 

(b)  Make  possible  a balanced  study  of  accuracy  requirements 
based  upon  tactical  frequency  snd  hit  probability. 

(c)  Facilitate  a realistic  determination  of  specifications 

(L  max,  PR  max,  TM  max,  etc.)  or  military  cKaraatepistics. 

A more  detailed  outline  of  this  program  is  provided  ‘ V 
in  Section  III,  paragraph  L. 

In  the  first  quarterly  report  two  TM  computer  designs 
were  discussed,  one  for  the  Model  1 Computer  and  the  other  for 
the  Model  2 Computer.  This  concept  has  been  changed.  The 
Model  1 Computer  Is  now  to  have  a TM  computer  with  PR  Bervos 
where  the  Model  2 Computer  will  have  RF  servos.  Other  methods 
for  calculating  TM  will  probably  apply  equally  to  either  com- 
puter and  will  be  Indicated  by  suffixes  A and  B applied  to  the 
TM  computer  models.  The  A model  will  solve  for  SCRF  by  split- 
ting it  into  VCRF  and  RCRF.  The  Model  B will  solve  for  SCRF 
electronically  in  one  step.  The  following  table  shows  the 
differences  between  models  of  TM  computers.  Any  characteristics 
not  listed  are  the  same  as  for  Computer  T26. 
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TABLE  1-1 

DIFFERENCES  IN  MODELS  OP  THE  TM  COMPUTER 

Model  1 A Model  IB  Model  2A  Model  2B 

Auto  Balancing 
(VT  and  RF) 

(for  PR  servos  only) 

LRF  k VRF  circuits 

RCRF  circuit 

VCRF  circuit 

Electronic  SCRF 

^ All  of  these  models  will  have  a BCV  isolation  ampli- 

fier added  and  possibly  an  automatic  compensator  for  changes 
in  gyro  spaed.  The  latter  feature  would  eliminate  the  need 
for  a precise  power  supply. 

Progress  Report  No.  1 mentioned  two  programs  for  the 
improvement  of  the  isolation  amplifier.  One  involved  2-1/2 
tubes  and  the  other,  four  tubes.  It  has  been  found  that  a 
special  transformer  would  be  prohibitive  in  size,  and  any  other 
approach  would  require  extensive  development.  It  is  not  yet 
evident  that  isolation  amplifier  improvement  will  be  essential 
for  the  37 -mm  computer,  however.  Greater  detail  on  this  program 
will  be  found  in  Section  III,  paragraph  J. 
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In  connection  with  the  parameter  or  limit  3tudy,  con-  | 

sidersble  progress  has  been  made.  The  TM  computer  settling  | 

requirements  have  been  sneezed  and  all  of  its  limits  established, 
pending  results  of  the  accuracy  and  probability  study.  The 
analysis  and  its  tabulated  results  are  to  be  found  in  Section  III 
paragraph  M.  Limits  of  L max,  PH  max,  PR  max  and  PR  max  remain 
to  be  fixed  by  the  probability  study  and  the  ballistic  effects 

' . ' i 

1 

limits  will  be  determined  under  ballistics  studies. 

Also  included  in  Section  III  is  a report  on  potentio- 
meter investigations.  It  has  been  found  possible  to  order 
Helipots  with  double  wipers  and  tight  specifications  on  resol- 
ution and  backlash.  The  report  al^o  describes  two  potentio- 
meter life  and  servo  tests  which  are  soon  to  be  made.  Both 
programs  involve  the  comparison  of  several  designs  and  specific- 
ally aim  to  evaluate  slide  wire  potentiometers  made  by 
G.  M.  Glanninl  and  Co. 

E.  TURRET  AND  VEHICLE  STUDIES 

During  the  pest  quarter  additional  design  work  has 
been  done  on  the  mounting  and  equilibration  of  the  gun3  and 
on  the  storage  and  feeding  ammunition.  A brief  listing  of  the 
present  state  of  these  studies  follows.  Further  discussion 
will  be  found  in  Section  V. 

10 
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(a)  Ammunition  will  be  hung  in  a vertical  column  from  nwo 
simple  racks,  and  be  pulled  from  the  racks  by  boosters. 
The  boosters  will  deliver  the  rounds  into  external 
flexible  chutes  for  supply  to  the  guns. 

(b)  It  is  proposed  that  an  extension  to  the  receiver  on 
the  Armour  gun  (T172)  be  made  so  that  the  gun  may  be 
bolted  to  the  turret  trunnion. 

(c)  The  Dixon  gun  (T37)  will  be  mounted  in  a cradle  which 
in  turn  will  be  bolted  to  the  turret  trunnion. 


Design  work  started  and  carried  out  during  this 
quarter  included  work  on  the  azimuth  power  control  package,  an 
examination  of  clearances  and  supports  in  the  vehicle,  a study 
of  the  construction  of  the  upper  and  lower  structures,  and 
work  on  the  main  azimuth  bearing  with  a view  to  the  adequate 
distribution  of  firing  loads  to  the  balls. 


Engineering  work  on  this  subject  also  included  three 
extensive  computations  which  will  be  of  assistance  in  the 
turret  servo  analysis.  The  first  was  the  approximation  of  a 
sample  gun  reaction-time  diagram  by  a Fourier  sine-cosine 
series  of  the  form 


fit) 


»0  aQ  sin  n a»t  ♦ £ bn  cos  n a»t 
a«l  ' n«l  • 
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The  coefficients  a0f  and  ba  for  the  first  seven  harmonics 
were  determined.  The  second  concerned  the  determination  of 
the  spring  constant  for  the  azimuth  power  gear  box.  The 
third  was  a computation  of  the  rotational  moment  of  inertia 
of  the  turret  about  its  azimuth  axis  and  of  the  guns  about 
the  elevation  axis.  Additional  engineering  work  was  con- 
cerned with  the  distribution  of  firing  loads  into  the  main 
azimuth  bearing  and  with  ammunition  booster  performance. 

A reexamination  of  the  primary  electrical  power 
supply  for  Stinger  was  begun  with  a view  to  the  possible 
substitution  of  a 400-cycle,  three-phase,  115-volt  supply 
for  the  28  volt  d.c.  supply  presently  used. 
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SECTION  II 
TRIPS  AND  VISITS 

Mr.  T.  Williams  visited  Watertown  Arsenal  to  discuss 
the  feasibility  of  helical  gun  equilibrator  springs.  In  spite 
of  the  experience  with  this  type  of  spring  on  Sky3weeper,  it 
is  felt  that  with  care  a satisfactory  helical  spring  can  be 
made.  Extreme  fibre  stresses  of  155,000  to  190,000  pounds 
per  square  inch  have  been  used  in  the  past  although  some  break- 
age has  been  experienced.  For  Stinger  service  a stress  of 
125,000  pounds  per  square  inch  was  agreed  on. 

Mr.  T.  S.  Williams  visited  Detroit  Arsenal  to  discuss 
the  adaptation  of  the  Gun,  Twin  40-mm  self-propelled,  T141  to 
accept  the  Stinger  turret. 

Mr.  T.  S.  Williams  visited  Armour  to  confer  with  them 
on  mounting  of  the  Armour  gun  and  to  keep  up  to  date  on  the 
design  work  on  their  gun.  They  are  considering  shortening  the 
belt  pitch  to  2 86  inches  and  designing  a push-thru  type  link. 


Mr.  T.  S.  Williams  visited  Dixon  Research  together 
with  Mr.  S.  Rosenblum  of  Armour  Institute  to  discuss  a proposed 
push- thru  type  link. 
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Messrs.  T.  S.  William  3,  Drewes  ana.  ?.  J.  Hoffman 

vislfced  Vickers,  Inc.,  Detroit,  Michigan,  to  discuss  design 
techniques  for  the  power  controls  on  Stinger.  Topics  dis- 


cussed included  relief  valves,  pipe  length,  oil  coolers,  strok- 
ing system,  pilot  valve,  and  details  of  construction  of  the 
proposed  hydraulic  breadboard.  There  was  some  discussion 
regarding  the  possibility  of  using  an  hydraulic  ram  to  drive  * 

the  guns  in  elevation  and  on  constant  speed  hydraulic  drives  i 

for  alternating  current  generators. 

Mr.  C.  M.  Jansky  visited  Raytheon  Manufacturing  Co. 
to  observe  operation  of  a type  QK-357  recording  tube  and  to 
discuss  a direct  view  storage  tube  based  on  the  same  principle 
which  might  be  suitable  for  presentation  of  Stinger  radrr  ! 

information.  Such  a tube  would  store  Information  end  present 
it,  as  needed  by  the  turret  operator  for  acquisition,  for 

longer  periods  than  possible  with  the  present  long  persistence 
tubes.  | 


I 

i 

\ 

» 

* 

* 
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A.  MAIN  SECTION,  MODEL  1 COMPUTER 

During  the  last  quarter,  study  of  the  Model  1 Computer 
was  confined  to  the  precession  mechanism.  Stadiametric  rang- 
ing is  strictly  an  emergency  mode  of  doubtful  value,  snd  its 
elimination  will  make  it  possible  to  remove  the  range  servo 
from  the  computer  main  section.  Therefore,  the  range  servo 
design  study  has  become  part  of  the  study  for  the  ballistic 
mechanism  for  the  Model  1 Computer.  The  precession  mechanism 
progress  for  Model  1 is  discussed  in  paragraph  ff  of  this  section. 

B.  MAIN  SECTION,  MODEL  2 COMPUTER 

During  the  past  quarter,  work  was  begun  on  the  gen- 
eral configuration,  block  diagrams,  mechanization,  and  goals  of 
simplification  of  the  main  section  for  the  Model  2 Computer. 

1.  Cams  Required 

At  present  it  appears  that  three  cams  will  be  used 
in  the  Model  2 Computer  compared  with  the  seven  used  on  Com- 
puter T26.  Two  cams  will  be  needed  for  the  scanner  drive  and 
part  of  their  output  may  be  used  for  the  combining  glass.  The 
cos  L function  is  at  present  derived  from  a cam.  Though  other 
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possible  alternatives  exist,  a cam  is  possibly  the  best  method 
of  deriving  cos't  to  .001  which  may  be  the  accuracy  required. 
Corns  used  to  obtain  LPLf  VPL,  LS  and  VS  may  be  eliminated  as 
described  in  paragraphs  2 and  3 below. 

21  Lead  Input  of  Precession  Torque  Multiplier 

In  an  attempt  at  simplification  It  I3  felt  that  the 
number  of  cams  can  be  reduced  without  loss  of  accuracy.  A 
reduction  of  2 cams  would  be  accomplished  by  deriving  the  LPL 
and  VPL  cam  signals  as  follows 

VPL  and  LPL  are  multiplied  by  RF  to  obtain  VPR  and 
LPR  which  torque  the  gyro. 

ypl-rp  = vpr  . 

LPL-RF  = LPR 

«» sin  L v , 

YPL  = ~ — ~ sin  YLG 
sxn  LG 

LPL  = ■ ? ,.!l  C03  LG  sin  LLG 
sin  LG 

The  lead  Input  of  the  precession  torque  multiplier  has  an  in- 
herent sine  function,  enabling  the  Insertion  of  VDJ  and  LLG 
'directly  while  correcting  RP  for  the  difference  between  YPL 
and  sin  YLG  as  well  as  between  LPL  and  sin  LL3.  Below  is  the 
actual  mechanisation  in  which  the  rate  Is  a product  of  Lead 
input  times  RF  Input. 
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PR 

VPR 


(Lead  Inpat;  (R?  input) 

(sin  VLQlf  -Bf] 

tain  LG  j 

L 


LPR  = (sin  LLG) 


f sin 
[sin 


LG 


• cos  LG  • RPI 


The  functions  »nd(£i&-Jvccs  vary  no 

'sin  LG'  slrTTZr 

more  than  5 percent  and  2.5  percent  respectively  throughout 
the  entire  range  of  LG.  Due  to  the  small  variation  in  these 
functions  they  should  be  simple  to  mechanize.  The  means  by 
which  they  are  multiplied  by  RF  will  be  studied  in  the  next 
quarter.  The  RF  input  of  the  precession  torque  multiplier  will 
be  called  VRF  and  LRF  for  the  respective  units. 

3.  LS  and  VS  drive 

To  attain  in  part  the  objectives  described  in  the 
first  quarterly  progress  report  for  the  Model  2 Computer  study 
namely,  width  reduction,  increased  accuracy,  and  simplification 
of  the  computer  - and  the  simpler  objectives  d jcrlbed  for  the 
Model  1 Computer  study,  an  engineering  investigation  of  the 
combining  glass  drive  was  initiated. 


Q 
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Initially,  work  ms  concentrated  on  a quantitative 
analysis  of  the  LGH  and  VSM  functions  Inscribed  on  the  cams 
driving  the  combining  glass.  It  was  found  tlvrt  the  LSM  func- 
tion could  be  approximated  by  a function  of  LLS  and  LLC,  and 
that  the  VSM  function  could  be  approximated  by  a function  of 
VLG  and  VLC.  Thus,  it  appears  feasible  8t  thi3  time  to  elim- 
inate the  LSM  and  VSM  cams  from  the  computer  without  signifi- 
cant loss  of  accuracy. 

It  was  further  noted  that  with  a small  loss  of  accuracy, 
VSM  could  be  approximated  as  a function  of  VUa  only.  Thus, 
if  this  approximation  were  acceptable,  it  would  eliminate  the 
need  for  a mechanical  differential  required  for  the  summation 
of  the  VLG  and  VLC  functions  as  considered  above.  It  further 
suggests  the  possibility  that  a change  in  the  glmbelling  of 
the  combining  glass  may  permit  the  introduction  of  tha  lateral 
component  of  aided  laying  directly  between  the  gyro  and  the 
search  prism.  This  would  then  reduce  the  motion  of  tha  com- 
bining glass  to  motion  about  one  axis  only.  Mechanization  of 
the  combining  glass  would  be  greatly  simplified,  and  greater 
accuracy  could  be  expected  from  the  mechanical  simplification. 

Yet,  becausa  of  the  attendant  high  shaft  values  as- 
sociated with  the  combining  glass.  It  is  planned  to  initiate 
a comprehensive  study  to  determine  the  most  desirable  method 
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ox*  displacing  the  reticle.  In  Addition  to  the  possible 
solutions  described  in  the  preceding  paragraphs, -the  U30  of 
an  illuminated  cross  hair  to  be  displaced  in  a focal  plane, 
either  directly  beyond  the  search  prism,  or  in  the  internal 
optics  assembly  will  be  investigated.  The  question  as  to 
whether  the  components  of  crcss-hair  motion  in  the  focal 
plane  can  be  made  a function  of  the  already  existing  shaft 
drives  will  havo  to  be  investigated. 

4.  VB  Mechanization 

It  is  hoped  that  the  VB  servo  can  be  eliminated  and 
that  VBL  can  be  introduced  as  a correction  of  torque  In  a 
manner  similar  to  LBL.  VBL  for*  the  37-mn!  Stinger  will  be  of 
greater  magnitude  than  for  the  present  .60  caliber  Stinger  due 
to  the  increased  time  of  flight  which  allows  for  a greater 
gravity  drop  of  the  projectile.  This  greater  magnitude  of 
V3L  will  require  greater  emphasis  on  Its  accuracy. 

If  VBL  can  be  introduced  as  n precession  rate  correction 
called  VBPR,  the  PS  servo  will  become  an  FE  servo  end  will 
position  the  FS  synchros  directly.  In  Computer  T26,  FS  is 
derived  by  adding  PE  and  VB,  each  from  Individual  servos, 
through  a mechanical  differential.  &lso, 

SS  = PS  - TYL 
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TTL  = VL  + V3L  * VL  * 

RP 

formerly 

SZ  = PE  - VL 

T^ie  Investigation  of  this  mechanization  has  ygt  to  be  made. 

5.  QE  Mechanization  (For  Ballistic  Corrections,  Only) 

Sfith  the  existence  of  an  FF  servo,  a more  exact 
solution  for  QE  may  result,  for  in  the  Computer  T26  QE  is 
approximated  by  making  it  a function  of  PE  plus  tilt.  This 
mechanization  requires  a QE  servo,  for  tilt  13  an  electrical 
signal  coming  from  the  inclinometers,  which  must  be  added  to 
PE.  Actually,  QE  should  be  a function  of  PE  plus  tilt  which 
will  be  simpler  to  mechanize,  for  an  PE  servo  now  exists. 

Also,  If  tilt  existed  as  0 mechanical  motion  QE  could  be  ob- 
tained by  adding  FE  and  tilt  with  a mechanical  differential. 

Such  an  arrangement  will  be  studied. 

A study  will  be  made  to  determine  the  feasibility  of 
using  on\y  FE  to  represent  QE,  this  being  a means  of  simplifica- 
tion. The  magnitude  of  the  error  of  such  an  approximation 
and  the  probability  of  large  tilt  angles  will  govern  its 
feasibility. 
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Another  arrangement  would  insert  tilt  as  a separata 
ballistic  correction  without  adding  it  to  PS  to  obtain  QE. 

This  could  be  done  electrically  without  the  ne9d  of  a servo 
gear  train. 

6.  Loca  £JLon*and  Packaging  of  TP  and  DO  Servos 

‘ X 

The  possible  Vllmlnafclon  of  st  a diametric  ranging  as 

* * 

a required  mode  of  ranging  ,for  the  37-nnn  Stinger  would  eliminate 
the  necessity  of  locating  the  range  servo  inside  the  computer 
main  section.  Thus,  in  line  with  the  planned  engineering  and 
design  studies  to  be  made  on  the  range  servo  itself,  the  oppor- 
tunity presents  itself  to  make  a thorough  packaging  study  of 
the  TP  and  DO  servos. 

v The  primary  functions  of  the  time  of  flight  and  range 

servos  are  the  determination  of  the  response  factor  of  the 
sensitivity  computer.  The  two  servos  are  functionally  compli- 
mentary and  are  similar.  Thus,  it  would  seem  logical  that  they 
should  be  made  physically  adjacent.  The  probable  elimination 
of  the  Q3  3ervo  from  the  37-ma  Stinger  would  offer  the  opportun- 
ity of  inserting  the  DO  servo  in  tha  ballistic  mechanism  as- 
sembly, located  in  tha  lower  structure. 

Inserting  the  range  servo  in  the  ballistic  »*«schanism 
seems  to  offer  the  following  advantages. 
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(e)  Fewer  leads  are  required  to  the  computer  main  section. 

(b)  Because  of  the  proximity  of  the  computer  servo  and 
isolation  amplifiers  to  the  ballistic  unit,  shorter 
leads  between  the  range  servo  and  related  chassis  may 
be  used. - 

(c)  Elimination  of  some  extraneous  sources  of  heat  from 
the  computer  main  section  can  be  accomplished. 

(d)  Additional  space  will  be  available  in  the  computer 
main  section. 

(e)  Greater  concentration  of  the  components  of  the  TM 
computer  is  possible. 


Consideration  should  be  given  to  locating  all  second- 
ary ballistic  Inputs,  excepting  perhaps  wind  correction,  along 
the  left-hand  cockpit  wall,  where  the  relative  air  density  in- 
put and  dial  assembly  are  now  located. 

Yet  before  any  final  decision  can  be  reached,  con- 
sideration will  have  to  be  given  to  overall  wiring  and  packag- 
ing of  Stinger  components  in  order  to  insure  maximum  economy 
of  design.  \ 


?.  Packaging  and  Data  Flow 

If  the  previoualy  mentioned  changes  are  made,  an 
overall  simplification  of  the  computer  packaging  appears  possible. 

© 

22 

CONFIDENTIAL 


CONFIDENTIAL 
Security  Information 


The  six  synchros  (Tina  and  course  for  TLL,  SE  and  ?2) 
on  the  left  hand  dial  panel  In  the  Computer  T26  will  be  re- 
located to  lie  with  the  main  computer  gearing  under  the 
rotating  element.  Such  an  arrangement  will  Increase  accuracy 
and  reduce  backlash  by  eliminating  long  gear  trains  and  com- 
plicated bevel  gear  drives  to  the  dial  panel.  The  dials  on 
tha  left  hand  dial  panel  which  are  driven  by  these  gear  trains 
will  also  be  moved  under  the  rotating  element.  They  will 
be  visible  for  test  purposes  from  the  front  of  the  computer. 

Tbs  data  flow  of  the  proposed  computer  is  shown  in 
block  diagram  form  in  figure  3-1.  There  are  three  cams,  a 
reticle  drive,  a rotating  element  and  five  mechanical  differ- 
entials in  this  arrangement. 

The  reticle  drive  shown  in  the  figure  is  not  the 

% 

simplest  but  it  is  one  which  is  feasible.  The  vertical  drive 
of  the  reticle  is  by  Vlfi  alone  while  the  lateral  drive  is  a 
function  of  LLC  from  the  cam  unit  with  an  additional  correction 
made  by  providing  a pulley  ratio  other  than  two  to  one  between 
the  search  prism  and  the  gyro.  Other  possible  arrangements  will 
be  studied. 
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The  IXC  and  VLC  cauls  are  a means  of  obtaining  the 
-TLL  and  TVX  motion  with  the  greatest  accuracy.  The  LLC  end 
VLC  data  actually  corrects  for  the  difference  between  TLL 
and  X^LLG  and  between  TVL  and  K^VLG  respectively.  TLL  is 
mechanized  by  adding  K^LLG  and  LLC  through  a mechanical  dif- 
ferential. A differential  has  been  eliminated  by  obtaining 
SE  from  the  subtraction  of  VLC  from  GYE  instead  of  the  method 
used  in  the  Computer  T26  where  YLgilSj  would  be  added  to  VLC  to 
obtain  TVL  which  would  in  turn  be  subtracted  from  PE.  The 
addition  of  LLC  and  GYE  gives  SB  as  follows:  (assuming  VBL  = 0, 
so  that  TVL  = VL  + VBL  = VL) 

TVL  = K2VLG  + VLC 

and 

SE  = PE -TVL 


therefore 


GYE  = PE-VLG 


SE  = GYE -VLC  where  X2  = 1 


The  possibility  of  using  the  new  VSJi  (=  K3  VLG)  instead  of 
VLC  in  this  equation,  or  vice  versa,  will  be  investigated 
shortly. 
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The  differential  adding  LLG  to  GY3  nullifies  the 
trunnion  effect  occurring  while  transferring  LLG  to  the  rotat- 
ing element.  LLG  on  the  rotating  element  displaces  the  lateral 
plckoff  coils  and  is  the  lead  input  to  the  lateral  precession 
torque  multiplier.  ^ 


\ 


Two  trunnion  effects  must  be  corrected  to  obtain 

V 

VIG  in  the  vertical  precession  torque  multipleiv  These  trunnion 
effects  subtract  GYE  and  LLG,  but  by  adding  PS  and  LI Q with  one 
differential,  VLG  will  be  computed. 

FB  + LLG  - GYB  - LLG  = VL3 


8.  Computer  Narrowing  Program 

The  latest  engineering  and  design  studies  of  the 
mounting  of  the  37 -mm  gun  on  the  upper  structure  seem  to  indic- 
ate that  interference  between  the  guns  and  the  computer  will 

* 

be  restricted  to  possible  contact  between  the  gun  barrels  and 
the  Winchester  plug  bcxes  of  the  computer  only.  Thus,  at  this 
time,  since  the  plug  boxes  can  be  redesigned  anu  relocated 
without  great  difficulty,  no  necessity  exists  to  reduce  computer 
width. 

However,  until  final  mounting  of  37-aaa  guns  Is  approved, 
the  study  of  possible  reduction  in  computer  width  will  be 
pursued.  Eduction  of  computer  width  would  eliminate  all 
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interference  between  the  guns  and  the  computer  plug  boxes, 
increase  clearance  between  the  barrels  and  the  computer  cover, 
and  decrease  physical  size  of  the  computer. 


9.  Prospective  Indicator  Tube  Changes 

Some  amount  of  redesign  is  planned  for  the  indicating 
system,  as  indicated  previously,  little  consideration  has  been 
given  to  the  problem  during  the  past  quarter  because  of  the  work 


being  done  on  the  caliber  .60  Stinger.  It  seems  probable  that 
with  further  Investigation  a larger  system  of  presentation  will 
be  recommended. 


Use  of  two  indicator  tubes,  with  3- inch  diameter  tube 
faces  as  at  present , but  with  greater  persistence  and  resolution, 
coupled  with  increased  magnification  of  the  optics,  will  nec- 

<r 

essitate  redesign  of  the  computer  indicator  optical3. 


Use  of  two  indicator  tubes,  with  6-inch  diameter 
tube  faces  to  increase  the  present°tion,  offers  another  pos- 
sible so'ution.  Because  of  the  major  repackaging  and  redesign 
studies  being  undertaken  on  the  computer  main  section,  the 
6- inch  tube  face  diameter  dimension  does  not  appear  to  offer 
insurmountable  difficulties.  However,  if  the  increase  in  tube 
face  diameter  is  accompanied  by  increase  in  tube  length.  It 
may  prove  impossible  to  maintain  the  tubes  in  their  present 
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location  without  increasing  tha  width  of  the  computer.  Since  j 

it  is  desirable  to  decrease  the  width  of  the  computer  it  may  j 

be  necessary  to  relocate  the  indicator  tube  assemblies.  This  ! 

would  necessitate  considerable  redesign  of  the  optics. 

If  stereo  presentation  is  no  longer  required,  radar 
presentation  might  be  envisioned  through  only  one  6-inch  dia- 
meter tube.  This  would  eliminate  any  serious  packaging  dif- 
ficulties. The  external  optics  might  need  to  be  relocated 
somewhat  to  compensate  for  possible  increase  in  tube  length. 

However,  these  modifications  appear  to  be  of  minor  importance. 

Further,  use  of  only  one  indicator  for  the  radar  presentation 
may  permit  simplification  of  the  external  optics,  which  requires 
two  head  positions  on  the  computer  T26. 

C.  ROTATING  ELEMENT,  MODEL  2 COMPUTER 

Redesign  of  tha  rotating  element  i3  necessary  because 
of  the  expected  need  for  narrowing  the  computer  main  section 
to  make  room  for  the  37-mm  guns.  A study  was  made  of  the 
feasibility  of  shortening  the  rotating  element  to  accomplish 
this.  The  results  were  reported  In  Quarterly  Progress  Report 

No.  1.  Since  no  further  changes  h*ve  arisen  In  the  Model  2 

\ 

rotating  element  length,  this  project  is  closed. 
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D.  HA IN  SECTION,  MODEL  3 COMPUTER 


The  study  of  the  Model  Z Computer  has  not  progressed 
far  enough  to  produce  any  schematics.  It  is  expected  that 
design  studies  will  begin  during  next  quarter. 

E.  BALLISTIC  MECHANISM 

The  design  studies  of  the  ballistic  mechanism  for 
Model  1 and  2 Computers  are  scheduled  for  March  1953  and  for 
the  Model  3 Computer  in  May  1953.  They  will  follow  the 
ballistic  studies  which  are  presently  being  deferred  because 

T 

of  conflicting  work  on  Director  T42.  The  ballistic  studies 
will  determine  how  the  corrections  to  basic  projectile  vel- 
ocity are  to  be  mechanized,  together  with  the  wind  and  gravity 
deflections. 


P.  PRECESSION  MECHANISM  MODEL  2 AND  3 COMPUTERS 


The  precession  mechanism  3tudy  is  the  most  important 
project  in  the  computer  study.  It  has  changed  its  direction 
considerably  since  the  previous  progress  report,  because  a new 
principle  was  discovered  for  applying  torque  to  the  gyroscope. 
The  non-linear  approach  and  the  coarse  and  fine  approach  have 
bean  dropped  from  the  study  program  and  the  servo  aspect  of 
the  project  has  been  greatly  eased. 
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The  error -in  the  T2S  precession  mechanism  wa3 
largely  one  of  date  transmission,  as  explained  in  the  previous 
progress  report.  The  problem  of  establishing  precession  rate 
to  an  accuracy  of  one  part  in  21 ,600*  was  formidable  from 
the  mechanical  viewpoint  even  if  a 3lide  wire  potentiometer 
and  an  unusually  tight  servo  were  to  be  utilized.  AS  explained 
in  paragraph  I of  this  section,  the  mechanical  and  servo  ac- 
curacy requirement  is  relaxed  by  ton  to  one  when  the  data 
transmitted  becomes  RP  (reciprocal  of  modified  time  of  flight) 
instead  of  precession  rate,  PR.  The  precession  rate  i3  now 
established  by  a linkage  which  multiplies  RP  as  a force  by  a 
lever  arm,  to  produce  a torque  on  the  gyroscope^  The  lever 
arm  is  made  to  vary  in  effect  proport lonltily  to  sin  L.  Since 
the  maximum  rate  of  ±1600  mils  per  second  will  now  be  produced 
by  varying  two  motions  (PR  and  sin  L)  instead  of  PR  alone,  all 
resolution  problems  are  relieved.  Another  advantage  of  the 
precession  torque  multiplier  is  that  the  R?  voltage  is  always 
positive.  Consequently,  no  amplifier  is  required  to  maintain 
two  balanced  RF  voltages.  Neither  is  a balanced  ±VT  required 
for  servo  feedback  potentiometer  excitation. 


♦21.600  * 


2 PR  wax  x TM  wax  x DP  iaauc  x 10~3 
E_ 


5200  xl$x4.5 
10 
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Considerable  study  was  devoted  during  the  pa3t 
quarter  to  the  problem  of  producing  a varying  force  propor- 
tional to  RP.  The  moat  straightforward  approach  would  seem 
to  be  the  mounting  of  a solenoid  of  » magnetic  torquer  on 
tPfe-lea^plate.  Such  torquing  methods  are  widely  used  on 
other  gyro  angular  rate  computers  and  are  highly  developed. 

It  W9S  found,  however,  that  the  Stinger  PR  max  and  gyro 
angular  momentum  are  so  high  as  to  require  the  torque  to 
be  amplified  roughly  16  times,  while  the  large  pickoff  error 
(±6  degrees)  would  cause  the  armature  displacement  far  beyond 
the  operating  limits  of  the  torquer.  Because  of  the  wide 
use  of  magnetic  torquing  techniques  in  other  gyro  computers, 
the  feasibility  of  adapting  them  to  Stinger  wa3  studied  at 
great  length.  It  was  concluded  that  these  techniques  are 
adaptable  to  Stinger. 

Many  arrangements  of  linkages  were  studied,  with  the 
object  of  cancelling  out  the  armature  displacement  resulting 
from  pickoff  errors.  This  proved  impossible  without  cancelling 
out  the  torque  83  well  is  the  displacement,  however.  One 
solution  to  the  magnetic  torque  approach  was  conceived,  83 
shown  by  figure  3-2.  In  this  system,  a servo  is  provided  to 
wipe  out  any  displacement  by  moving  the  magnet  stator  before 
such  displacements  become  large.  In  comparing  this  arrangement 


! 


I 


i 

* 

i 
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with  that  of  the  precession  torque  multiplier,  no  advantage  is 
apparent  other  than  a slight  improvement  in  mechanical  simplic- 
ity. 3ven  this  conclusion  is  questionable  until  a design 
study  Is  made.  More  significantly,  there  is  the  bulk  of  tne 
electromagnet  or  torquer,  which  might  add  30  percent  to  the 
volume  of  each  precession  mechanism.  In  addition  to  having  a 
servo  for  each  axis  and  an  added  pickoff , extra  electronics 
will  be  required  to  power  the  torquer  and  to  provide  constant 
current  excitation.  If  pursued  further,  the  electromagnetic 
approach  would  also  require  extensive  laboratory  research. 

♦ 

Although  it  probably  is  feasible,  this  method  was 
abandoned  without  further  investigation  of  the  problems  of 
torquer  linearity,  inertia  (with  respect  to  gyro  nutation)  , 
electronic  design,  or  mechanical  design.  It  was  not  expected 
that  limarily  would  be  too  serious  a problem,  because  it  was 
not  a master  of  resolution.  However,  some  components  did  not 
look  too  promising  in  this  respect.  New  a-c  components  are  now 
-under  development  by  Midwestern  Geophysical  Laboratory  com- 
parable to  their  No.  9 Torque  Motor.  If  in  a few  years  they 
can  approach  the  torque  and  linearity  requirements  desired  for 
the  precession  torque  multiplier,  electromagnetic  torquing 
might  become  simple  enough  to  consider. 


! 


9 
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Tha  decision  against  generating  the  force  magnetically 
was  made  largely  because  it  would  be  more  complex  with  present 
dsty  components  than  to  use  a servo  for  creating  a spring  force 
proportional  to  RP . Therefore,  the  present  program  ha3  been 
restricted  to  the  latter  method,  as  described  in  more  detail 
in  paragraph  I of  this  section. 

Referring  to  paragraph  I and  to  figure  3-3,  it  will 
lie  seen  how  the  precession  torque  multiplier  has  been  designed 
foar  laboratory  breadboard.  An  RP  servo  has  effectively  been 
ocnmted  on  the  lead  pla'ce,  in  place  of  the  electromagnet  or 
toxquer  originally  contemplated.  In  order  to  meet  space  limit- 
ations, the  RP  servo  motor  is  actually  external  to  the  lead 
plate,  and  drives  the  linkage  and  potentiometer  through  its 
trunnion.  Instead  of  actually  displacing  the  precession  spring 
in  proportion  to  RP,  the  varying  RP  force  is  produced  by  chang-. 
ia?g  the  angle  of  the  spring  force  vector.  A further  refinement 
is  described  whereby  parts  of  the  gimbnl  corrections  are  com- 
bined with  the  two  RP  servo  inputs.  As  a result  the  lateral 
RP  servo  is  called  LRF  and  the  vertical  servo  i3  VRP. 

G.  PRECESSION  MECHANISM,  MODEL  1 COMPUTER 

A design  study  of  the  precession  unit  for  Model  1 
Computer  was  completed  eary  in  the  quarter.  Main  objectives 
for  this  3tudy  ware  greater  potentiometer  accuracy,  improved 
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mechanical  nocuracy,  and  refined  adjustment  provisions.  The 
ten-turn  SAN  33B  Helipot  mentioned  in  the  previous  quarterly 
report  is  no  longer  contemplated  for  Model  1,  because  of  its 
roller  wiper.  A complete  di3cu33ion  of  the  potentiometer  sit- 
uation is  to  be  found  in  paragraph  H of  this  section.  The 
design  studies  made, were  strictly  from  the  3pace  viewpoint 
with  regard  to  potentiometers.  It  has  been  proven  feasible 
to  mount  ten— turn  potentiometers  in  the  units,  without  in- 
creasing the  dimensions  of  the  rotating  element.  The  dimen- 
sions for  these  components  were  based  upon  those  of  Helipot 
type  AN  ball  bearing  0.02  percent  units,  although  the  multi- 
turn  potentiometer  market  is  quite  fluid  at  present.  The 
final  recommendation  of  this  study  might  be  for  a slide  wire 
potentiometer,  a dual  finite  resolution  potentiometer,  a 
composition  potentiometer,  or  a multi- turn  unit  made  by  one 
of  the  newer  vendors.  Figures  3-4  and  3-5  show  a design  in- 
volving a ten-turn  Helipot.  A twenty-turn  unit  appears 
mounted  on  its  side  (parellel  to  the  gyro  spin  axis)  in  figure 
3-6.  In  the  LPR  mechanism,  it  has  b9en  shown  in  a vertical 
position  in  figure  3-7  and  3-8.  Another  layout,  figure  3-9 
proved  that  the  potentiometer  was  too  long  to  be  mounted  vert- 
ically in  the  YPR  servo.  In  each  case  the  gearing  has  been 
altered  for  the  new  shaft  values.  The  motor  ratios  have  been 
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Improved  by  about  two  to  one  in  terns  of  mils  per  second  per 
revolution  but  could  not  be  improved  greatly  with  respect  to 
the  potentiometer.  The  latter  ratios  are: 

T26  computer:  7.8  to  1 
Ten-turn  Helipot:  8.27  to  1 

n. 

Twenty- turn  Helipot:  4.17  to  1 * 

i 

The  design  work  has  been  halted  indefinitely  until  the  servo 
studies  analyze  the  requirements  33  to  motor  3lze,  friction 
errors,  inertia,  maximum  rates  {PR  max)  and  maximum  accelera- 
tions (£r  max).  The  potentiometer  life  tests  and  servo  tests 
will  also  produce  a decision  as  to  which  layout  will  be  prop- 
osed, and  will  help  to  specify  the  potentiometer  more  exactly. 


Figures  3-7  and  3-8  Indicate  that  a twenty-turn  finite 
resolution  potentiometer  is  too  long  to  be  mounted  for  proper 
access  without  extensive  redesign  of  the  rotating  element  cast- 
ings. It  Is  not  certain  whether  Model  1 should  permit  that 
much  change  in  the  Computer  T25  dssign.  However,  a twenty- 
turn  slide  wire  potentiometer  {if  proven  feasible)  would  be 
about  the  same  length  as  -*  tan-turn  Helipot,  and  could  be 
inserted  In  any  of  the  twenty-turn  potentiometer  layouts 
made  so  far. 
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In  **11  of  those  ITodol  1 procession  mechanism  layouts 
great  attention  f»s  given  to  mechanical  precision  between  the 
potontiomatar  and  the  torque  rack.  In  anticipating  Improvements 
along  theso  lines,  however,  figures  3-6,  3-7,  3-8  and  3-9  in- 
cluded studies  of  a worm  or  screw  drive  for  the  rack.  A test 
program  is  contemplated  to  determine  the  feasibility  of  this 
approach.  Further  study  is  also  planned  as  to  various  methods 
of  backlash  elimination.  The  tests  will  Investigate  the  servo 
problems,  comparing  the  friction  and  inertia  of  the  worm  drive 
with  conventional  spur  gearing.  Such  a program  cannot  be  planned 
until  the  outcome  of  the  potentiometer  tests  is  known. 


Figure  3-10  shows  a design  for  improving  the  adjustment 
of  zero  rate  when  the  lead  is  zero.  This  is  known  as  the 
"creep"  adjustment,  and  consists  mechanically  of  displacing  the 
potentiometer  with  respect  to  the  torque  plate.  In  the  layout 
thi3  adjustment  is  provided  by  loosening  two  locking  screws 
and  moving  the  scotch  yoke  relative  to  the  torque  rack. 


H.  P0TEHTI0M3T53  STUDIES 

During  the  past  quarter,  the  potentiometer  problem  has 
been  studied  with  less  emphasis  upon  the  precession  servo  and 
more  upon  the  range  servo  and  the  new  R?  servo,  for  Model  2 
Computer.  It  was  mentioned  in  the  preceding  report  that  two 
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3lide  wire  potentiometers  were  under  consideration:  a Sperry 
trade  unit  ?nd  a unit  to  be  purchased  from  0.  U.  Giannlni  and 
Co.  The  former  layout  was  completed  and  rejected  on  the  basis 
of  excessive  inertia.  On  the  other  hand,  some  units  manufac- 
tured by  Giannlni  have  been  received  in  values  of  1000  and 
2000  ohms.  In  the  ten-turj  model,  2500  ohms  is  considered  the 
maximum  practicable  resistance  value.  It  has  been  learned  that 
a slide  wire  unit  is  under  development  by  the  Helipot  Corporation. 

A 1000  ohm  ten- turn  slide  wire  potentiometer  i3 
shown  in  figure  3-11.  Thi3  shows  the  continuous  wire  used  to 
produce  infinite  resolution,  simulating  conventional  potentio- 
meter  with  an  infinite  number  of  windings.  For  comparison  a 
fcfesee-teurn  conventional  Helipot  has  been  Illustrated  In  fig- 
ure 3-12.  This  pictures  the  Internal  construction  of  the  units 
used  in  the  T26  precession  servo.  During  the  past  quarter  it 
ha3  bean  revealed  that  the  Giannlni  3lide  wire  design  produces 
a linearity  of  0.05  percent,  and 0.02  percent  is  promised  in  the 
near  future.  The  Giannlni  component  is  'being  considered,  es- 
pecially for  the  Model  1 precession  servo  and  the  Eodel  2 RF 
servo.  It  cannot  be  contemplated  for  the  range  servo  feedback 
position,  however,  because  resistance  is  too  low. 
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In  order  fco  determine  the  feasibility  of  the  slide 
wirs  potentiometer,  n critical  life  t93t  is  to  b9  conducted 
shortly.  This  teat  will  compare  multi-turn  potentiometers 
manufactured  by  Giannini,  Helipot,  Rattray,  and  Slectromath. 

All  of  these  units  except  the  first  are  finite  resolution 
designs,  and  one  Helipot  is  to  be  tested  which  ha3  a roller 
wiper.  The  tests  are  to  emphasize  the  effects  of  servo 
oscillation  upon  noise,  linearity,  backlash,  loose  windings, 
etc.  In  addition  to  determining  failure  due  to  veer,  the 
slide  wire  unit3  will  be  evaluated  on  the  basis  of  wire 
stretching  and  shorting.  After  completion  of  this  prelimin- 
ary tost,  plans  will  be  made  for  environmental  tests  such  as 
humidity,  temperature , vibration,  etc. 

While  awaiting  the  results  of  the  potentiometer 
life  tests,  potentiometers  are  being  ordered  for  the  servo 
tests  in  this  contract.  On  the  assumption  that  some  defect 
will  appear  in  the  slide  wire  design,  an  attempt  is  being  made 
to  maximize  the  suitability  of  finite  resolution  potentiometers 
for  servo  applications.  Ten-turn  ball  bearing  Helipots 
have  been  ordered  with  double  tandem  wiper3  for  test  in  the 
range  servo,  the  precession  servo  (Model  1)  and  the  response 
factor  servo.  In  order  to  study  the  relationship  between 
potentiometer  imperfections  and  servo  troubles,  those  Heli- 
pots have  been  ordered  wi;h  "pro-ise  regions’1  of  Q02  percent 
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linearity,  specifying  no  3horted  windings  or  ioaae  windings. 
Backlash  has  been  limited  to  0.01  percent,  and  a method  has 
been  developed  for  measuring  it.  No  roller  wiper  units  h«»ve 
been  ordered  because  it  has  been  reported  that  they  wear 
eccentrically,  so  as  to  develop  s bouncing  action  eventually. 

If  the  slide  wire  potentiometer  proves  to  be  cf 
doubtful  feasibility,  it  is  probable  that  the  breadboard 
servo  tests  will  include  investigations  of  the  effects  of 
the  following: 

(a)  Sleeve  bearing  Helipot 

(b)  Dual  ball  bearing  Helipots  in  parallel 

(c)  Double  wiper  ball  bearing  Helipot 

(d)  High- re solution  (16000  turns)  Helipots 

(e)  Precise  Region  versus  normal  region  (comparing 
the  single  dual  and  double  wiper  arrangements) 

(f)  Effects  of  reduced  wiper  tension  on  dual  and 
double  wiper  units 

(g)  Effects  of  optimum  spacing  between  double  wipers 

(h)  Composition  slide  wire  potentiometers  (Micromax) 

It  was  originally  intended  to  conduct  range  servo 
breadboard  tests  as  well  as  servo  tests  of  the  precession 
mechanism.  In  the  case  of  the  Model  2 Computer,  the  pre- 
cession servo  tests  will  become  HP  servo  tests  (distinct 
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The  potent  iorteter.  and  gear  train  in  the  above 
sy  at  am  would  have  to  measure  PH  to  an  accuracy  of  Q.ll  rail 
par  sacond  (mps)  at  low  races.  Aa  discussed  in  the  previous 
quarterly  report,  this  accuracy  would  be  difficult  to  achieve 
with  the  abovs  mechanism. 

v ...  The  new  mechanism  will  be  termed  a precession 

torque  multiplier.  It  differs  from  the  existing  mechanism 

in  that  the  tension  in  the  arm  varies.  This  allows  the  mech- 

{ 

anism  to  have  two  Inputs  which  are  multiplied  together,  namely 

■ft 

Lead  x HP  * PH  . Such  a system  ha3  no  gear  train  or  potentio- 
meter a3  a function  of  PH  and,  therefore,  is  not  concerasd 
with  the  accuracy  requirements  of  PH.  (See  figure  3-14. ) 

The  introduction  of  RP  is  the  major  problem  of  the 

■*  :f-.  - 

precession  torque  multiplier.  It  appears  that  IiF  must  be 
measured  to  at  least  one  part  In  three  thousand,  as  is  shown 


belc w. 


therefore 


The  travel  of  RF  is  for  the  present  design  4 sec 


ERF  ( _! X 4 = .001  3 sec"1 

3000 


* The  actual  equation  mechanized  is: 

Lead  x RF  x AM  = TG  = AM* PR 

where  TG  is  the  torque  at  the  gyroscope,  and 

AM  a the  (constant)  angular  momentum  of  the  gy.-oscope. 
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Vax lmnm  error  will  occur  for  a 2000  yd.  RC,  400  jpa  TV 
target  whan  RP  =*  sec  or  7k  = 14  sec.  This  occurs 
whan  opening  fire  (0?  >-  4500  yds).  The  associated  precession 
rate  occurring  for  such  a target  is  about  13.3  ail3  per 
second. 


How 


(Lead) • (RP)  a PR 


€> 


and  to  find  the  va’ue  of  Lead  for  an  error  of  HP  of  .0013 
-1 


sec 


at  a PR  of  13.3  mils  per  second  we  can  say 

_ . . (PR)  (PR) 

L RP  RP  + RRP 


Bi 


13-3 


13-3 


m)  (n*-H 


Kl  = 186.2  - 182.9  = 3-3  »ils 
An  of  3.3  mils  at  4500  yds.  DP  corresponds  to 

a 14.8  yard.  E^  (error  normal  to  the  trajectory).  This  14.8 
yard  error  illustrates  why  an  upper  limit  for  HP  must  be  very 
conservatively  chosen.  (See  Section  IV.)  If  R?  maximum  can 
be  reduced  from  4 to  2 as  a result  of  the  probability  studies, 
this  Ej|  will  be  cut  in  half  as  a result  of  reduction  in 
Erp.  Moreover,  14.8  yards  mean  point  of  error  may  prove 
compatible  with  the  system  dispersion  at  4500  yards.  If 
neither  of  these  conclusions  is  reached,  however,  there  is 
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3 or 0 for  obtaining  on«  part  in  6000  RF  servo  accuracy 

through  use  of  9 ten-turn  fcelipot  or  a slide  wire  potentio- 
meter. This  subject  has  been  discussed  in  paragraph  H of 
this  section. 


Lead  will  be  introduced  from  the  existing  deflec- 
tion gear  train  (LD3  and  VLG)  and  will  position  the  arm  rotat- 
ing about  point  P.  This  arm  may  b9  positioned  in  figure  3-14 
with  the  same  accuracy  as  in  figure  3-13.  From  available  data 
taken  on  the  T26  precession  mechanism  it  is  known  that  the 
arm  in  tension  ran  be  positioned  to  better  than  l/3  mil  of 
arc.  The  arm  can  rotate  through  1060  mils  (60°).  Therefore, 
the  arm  can  be  positioned  to  one  part  in  3000  or  Lead  is 


introduced  with  an  accuracy  of 
yards  at  4500  yards. 


(—1—1 

boooj 


(±540  ail)  = ~ mil  or  1.5 

3 


At  present  the  means  of  introducing  RF  i3  by  an  RF 
Servo  which  rotates  a spring  in  constant  tension,  thereby 
changing  the  tension  on  the  arm  applying  torque  to  the  gyro. 

A more  detailed  explanation  follows  in  which  the  precession 
torque  multiplier  13  designed  for  minimum  variations  of  torque 
output  with  pickoff  error. 


The  proposed  precession  torque  multiplier  is  basically 
the  spring  torque  mechanism  U3ed  in  Computer  T26,  to  which 
the  means  to  introduce  another  coordinate  of  data  has  been  added. 


CONFIDENTIAL 


1 • 


Security  Informafion 

Both  mechanisms  feature  the  use  of  springs  under  essentially 
constant  tension;  both  mechanisms  feature  variation  of  the 
torque  applied  to  the  glmbal  arm  by  variation  of  the  angle 
through  which  the  spring  tension  acts.  But  while  in  the 
Computer  T2S,  the  magnitude  of  the  effective  lever  arm  is 
a function  of  but  one  mechanical  input  (precession  rate), 
the  magnitude  of  the  effective  lever  arm  in  the  precession 
torque  multiplier  is  the  resultant  multiplication  of  two 
separate  mechanical  inputs,  lead  and  response  factor. 

Tha  proposed  arrangement  is  shown  in  figure  3-15. 

The  exact  mechanization  can  be  made  in  the  final  design.  As 
can  be  seen,  the  torque  on  the  gimbal  arm  (GO)  can  be  changed 
by  varying  the  angle  of  the  "lead"  plate  through  motion  of 
the  rack  X,  and  also  by  varying  the  "RF"  plate  (PP)  through 
motion  of  the  rack  Y.  Closer  inspection  of  the  proposed 
mechanism  will  show  the  need  of  coupling  motion  of  the  RF 
plate  to  the  motion  of  the  lead  plate,  so  that  motion  of  the 
pivot  point  B is  not  inherently  icompanied  by  a variation 
in  the  torque  applied  about  B by  the  spring  CP. 

In  addition,  the  following  considerations  must  be 
made  in  designing  this  linkage. 
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(a)  Notion  of  the  gimbal  arm  (GO)  rspr93ent3  pickoff 
error.  In  order  to  maintain  zero  torque  conditions 
for  other  than  zero  pickoff  errors,  it  Is  required 
that  axis  A must  pass  through  the  centerline  of 
axis  G. 

(b)  To  permit  transfer  of  Tead  data  about  trunnion  P i 

\ 

through  the  "lead"  plate  to  the  torque  arm  CBA, 
axis  0 must  pass  through  the  centerline  of  trunnion  P. 

(c)  To  maintain  constant  spring  tension,  axis  C must 
pass  through  the  centerline  of  trunnion  P. 

(d)  The  line  PD  must  not  pass  through  the  pivot  point  B 
so  that  It  will  be  impossible  to  apply  a compressive 
force  on  link  arm  OA.  (Normally,  this  will  not  occur 
because  HP  Is  greater  than  zero. ) 

(e)  The  torque  arm  CBA  must  be  balanced  to  prevent  its 
rotation  when  the  whole  mechanism  is  subjected  to  shocks 
or  forces  caused  by  rotation  of  the  turret. 

The  proposed  arrangement  introduces  error  through 
variation  of  spring  tension  when  a pickoff  error  is  in  evidence. 
The  torque  required  to  attain  the  maximum  precession  rate  now 
under  consideration  i3  3.1345  inch  pounds.  The  problem  was  to 
select  a spring  of  such  a magnitude  ond  length  as  to  minimize 
errors  In  torque  due  to  the  presence  of  pickoff  errors  and  to 
minimize  as  well  the  spring  extension  required  to  attain  max- 
imum torque. 
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Initially,  it  was  found  that  errors  could  be  mini- 
mized by  locating  the  pivot  point  B on  a line  at  right  angles 
to  the  torque  arm  position  0*. 

It  was  realized  that  maximum  error  would  occur  when 
full  lead  and  full  RP  have  been  introduced  in  conjunction  with 
a maximum  plckoff  error  of  ±6  degrees  (i.e.  the  gimbal  arm 
00  is  caused  to  rotate  through  6 degrees).  # layout  of  the 
linkage  under  such  conditions  with  W = 1.00  Inch  Is  presented 
in  figure  3-16*  The  result  of  this  study  Indicated  the  most 
desirable  spring  rate  as  being  1.16  pounds  per  inch.  In  order 
to  accommodate  a spring  with  a 1.16  pounds  per  inch  constant.  It 
is  necessary  to  introduce  a toggle  arm  DPS  (see  figure  3-15 
and  3-16)  which  pivots  at  P.  The  spring  can  then  be  halved 
and  each  half  can  be  connected  between  P and  E,  and  C and  O. 

The  percentage  error  in  the  gimbal  torque  under  these  condi- 
tions has  been  calculated  to  be  2.4  percent  when  the  lead  is 
in  one  direction  and  1.2  percent  when  in  the  other  direction. 
These  errors  may  appear  to  be  high,  but  when  we  consider  that 
maximum  lead  and  maximum  RP  are  introduced  with  maximum  pick- 
off  these  errors  become  negligible,  and  from  all  considerations 
this  seems  to  be  the  beat  arrangfiaent  that  C8n  be  desired. 

The  design  of  the  vertical  precession  torque  multiplier 
has  been  completed  and  is  being  detailed.  (See  figures  3-17 
•nd  3-3. ) This  unit  will  allow  for  the  direct  introduction  of 
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V7XJ  r>3  a ie*d  Input  in  th->t  the  lead  plate  is  positioned 
through  radial  gearing  instead  of  a rack,  thereby  giving 
the  sine  of  VLG  (as  discussed  in  the  elimination  of  the 
LPL  and  V?L  cams).  The  HP  3ervo  has  Its  potentiometer 
mounted  on  the  lead  plate  eliminating  the  trunnion  effect 
which  would  occur  if  the  potentiometer  was  mounted  off  the 
lead  plate.  The  motor  is  net  mounted  on  the  lead  plate  for 
spatial  considerations.  This  unit  will  be  built  as  a bread- 
board and  will  ba  tested  to  determine  its  accuracy.  A 
torque  measuring  device  will  be  built  to  measure  the  very 
small  torque  outputs  of  the  precession  torque  multiplier. 

J.  TM  COMPUTER  STUDIES,  MODEL  1 AND  2 COMPUTERS 

1.  General  Status 

The  study  program  of  ths  TM  computer  for  the  37-mm 
Stinger  calls  for  a laboratory  construction  and  test  of  the 
various  proposed  models  in  order  to  determine  the  feasibility 
of  their  application.  The  first  proposal  under  considera- 
tion is  the  Model  A (see  Section  I paragraph  D) sensitivity 
computer.  Plans  for  the  laboratory  construction  of  a bread- 
board modal  of  thi3  sensitivity  computer  are  now  fully  under- 
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2 . Laboratory  Breadboard 

It  has  been  established  that  all  laboratory  tests 
on  the  TV  Computer  will  be  static  measurements.  This  elimin- 
ates the  requirement  of  a dynamic  test  cam  unit  containing 
three  two-dimensional  cams.  It  is  expected  that  a full  know- 
ledge of  the  feasibility  of  the  TM  Computer  can  be  determined 
from  the  knowledge  of  the  static  accuracy  of  the  sensitivity 
computer  together  with  the  dynamic  response  of  the  contained 


servos. 


The  TM  Computer  functions  to  generate  an  HP  signal 


to  drive  the  gyro  processing  device  and  operates  from  two 
input  signals;  Do,  obtained  from  the  radar  synchronizer  In 
tracking  and  cos  L,  obtaineu  from  a C8m  in  the  computer 


proper. 


For  the  purposes  of  a laboratory  mock-up,  both  of 


these  input  signals  will  be  generated  statically  in  the  input 
data  chassis  from  Duodial  calibrated  linear  Eelipots.  The 
RP  output  signal  will  be  used  to  drive  an  R?  positioning  servo 
which  will  correspond  to  tho  RP  servo  proposed  for  the  Modal 
2 precession  torque  multiplier.  (See  paragraph  I of  this 
section. } This  differs  from  the  Computer  T26  where  the  HP 


signal  is  used  to  excite  the  LPL  and  V?L  cam  potentiometers 
which  in  turn  drive  the  precession  servos. 
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Since  the  gyro  nets  to  Integrate  and  smooth  out 
any  perturbations  in  the  IF  signal,  it  has  boan  proposed 
that  a true  indication  of  the  effect  of  RP  on  tha  Stinger 
system  can  only  be  obtained  by  integrating  the  output  of  the 
R?  servo  rather  than  by  using  the  RP  servo  output  directly 
to  predict  the  feasibility  of  the  proposed  TM  computer.  It 
is  conceivable  then  that  a variable  speed  drive  integrator 
will  be  required  at  the  RP  output  to  permit  a valid  Inter- 
pretation of  the  RP  data. 

In  order  to  give  wider  latitude  to  the  static  meas- 
urements on  the  TM  computer  which  will  be  made  in  the  labor- 
atory, It  is  planned  to  manure  the  computer  accuracy  at 
several  static  points  on  a dynamic  course.  To  achieve  this, 
both  the  DO  and  TP  tachometers  will  be  driven  independently 
by  variable  spied  drives  to  provide  typical  values  of  BOH 
and  TFR.  For  tha  purposes  of  these  tests  these  tachometers 
will  be  mounted  on  tho  tachometer  unit  which  will  be  totally 
independent  of  tha  corresponding  DO  and  TP  shaft  motions. 

In  order  to  avoid  the  necessity  of  the  BPV  cam, 
driven  by  TP,  the  laboratory  mock-up  will  compute  the  flPV 
quantity  directly  from  the  analytical  trajectory. 


Information 
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l/a  *TF 


Where  a = the  retardation  coefficient. 


Only  a resistor  circuit  with  a Helipot  driven  TF 


will  be  required. 

" X 

^ . Thus,  the  laboratory  breadboard  will  contain  the 

A 

following  main  units 

(a)  Input. data  chassis 

(b)  VT  reference  chassis  (precise  voltage  supply) 

(c)  Computer  isolation  amplifier 

(d)  Computing  servo  amplifier 

(e)  DO  servo  unit  (fig.  3-18) 

(f)  TF  servo  unit 

(g)  Tachometer  unit 

(h)  Measuring  servo  amplifier 
(I)  RF  servo  unit 

(j)  Static  measurement  chassis 

The  following  sub-chassis  have  been  built  to  provide 
the  electronics  for  the  computer  isolation  amplifier  and  the 
two  servo  amplifiers. 
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(a)  8-Tri pie- input  isolation  amplifiers 

(b)  4-Double-input  isolation  amplifiers 

(c)  5- Servo  preamplifiers 

(d)  1-DO  preamplifier 

(e)  5- Servo  power  amplifiers 

These  electronic  units  should  provide  sufficient 
flexibility  to  readily  permit  mock-up  of  Model  B and  all 
subsequent  models  of  sensitivity  computers  as  well  as  the 
Model  A now  under  consideration. 

3.  Test  Plans 

The  feasibility  tests  on  the  sensitivity  computer 
will  consist  of  static  measurements  on  typical  dynamic  courses 
and  dynamic  raascase^ tests  on  the  DO  and  TP  servos. 

'5  -f  ; 

The  statio  measurements  on  the  TM  computer  will  con- 
sist of  output  readings  of  the  SRP,  RCRP,  VCRP,  and  Rp  signals 
for  typical  inputs  of  DO,  cos  h , DOR,  and  TFR.  These  measure- 
ments will  presume  an  MV  c f 1000  yards  per  second  and  an  RD  of 
100  percent.  Ho  laboratory  work  on  secondary  ballistic  cir- 
cuits is  planned. 

The  dynamic  tests  on  the  DO  end  TP  servos  will  con- 
sist of  measured  frequency  response  date  of  the  two  units. 
Further  plans  for  these  dynamic  tests  have  not  been  formulated. 
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4.  .Auxiliary  Programs 

Several  auxiliary  investigations  have  been  planned 
on  various  components  of  the  sensitivity  computer.  Tests  on 
the  Kearfott  tachometer  are  completed  which  established  the 
gain  of  that  unit.  Temperature  tests  on  the  tachometer  and 
the  design  of  a temperature  compensating  device  to  stabilize 
its  transfer  functions  will  not  be  undertaken  unless  they 
are  found  necessary  in  the  accuracy  analysis. 

Investigations  to  obtain  an  improved  isolation  ampli- 
fier unit  have  been  started  but  It  appears  that  a higher  gain 
unit  would  require  a high  quality  transformer  of  prohibitive 
size.  The  packaging  of  an  isolation  amplifier  chassis  of  ap- 
proximately twice  the  size  of  that  used  in  the  Computer  T26  is 
not  feasible  in  the  limited  space  allowed  and  it  appears  un- 
likely that  a very  much  better  unit  could  be  built  In  the 
space  allocated. 

5.  Model  B,  Electronic  SCR? 

One  further  proposal  will  be  Investigated  as  part  of 
fchiat  study  program.  A circuit  has  been  suggested  to  compute 
electronically  the  SCR?  signal  from  a knowledge  of  (APV»DO). 
This  would  vastly  simplify  the  analogue  solution  of  the  bal- 
listic equation 

„ a J£i  .r  ptAPY : DO) 

DO  APT  • DO 
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by  solving  for  the  second  tarsi  in  virtually  one  process. 
Assuming  u = APV. DO,  an  ell  electronic  servo  has  been  con- 
ceived to  yield  p (u)/u  as  a function  of  u inputs.  However, 
the  analysis  of  this  circuit  and  accuracy  considerations  of 
its  solution  are  very  involved.  It  Is  planned  that  a thorough 
investigation  of  this  proposal  will  be  undertaken  as  part  of 
the  study  on  the  Model  B Sensitivity  Computer. 

6.  Time  Scheduling 

The  labors ;ory  construction  of  the  electrical  com- 
ponents and  the  engineering  design  of  the  mechanical  servo 
units  are  underway  at  present.  It  is  planned  that  the  elec- 
trical component  wiring  will  be  completed  by  the  end  of 
December  and  the  servo  unit  will  be  set  up  by  the  end  of 
January. 

The  alignment  and  component  tests  and  set  up  of 
the  integrated  sensitivity  computer  will  probably  run  through 
the  month  of  February  and  the  static  tests  on  the  system  will 
be  run  in  March.  Thi3  will  be  followed  by  the  dynamic  test 
of  the  servos  in  April,  which  will  complete  all  laboratory 
tests  on  Model  A. 

The  design  of  the  Model  B sensitivity  computer  and 
Investigations  into  subsequent  models  will  start  toward  the 
end  of  March  and  further  required  mock-ups  in  the  laboratory 
will  start  in  late  April. 
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Auxiliary  investigations  which  may  bo  necessary  will 
bo  fitted  into  the  schedule  whenever  time  permits  but  will  bo 
started  not  labor  than  the  beginning  of  April. 

K.  TM  COMPUTER,  MODEL  3 COMPUTER 

: 

' ■**  . \ X -je- 

^ Because  or 'conflicting  activities,  there  has  been 

i 

little  progress  on  the  Model  3 study.  In  addition  to  a new 

exact  solution,  this  project  now  includes  the  study  of  approx- 

> 

imate  solutions.  This  will  have  for  its  purpose  the  simplifica- 
tion of  the  standard  ballistic  solution,  without  the  accoiqpany- 
ing  significant  loss  of  accuracy. 

, * 

Initially,  it  is  planned  to  direct  tile  study  toward 

s#  . 

a simplification  of  the  modified  time  off  light  solution. 
Approximate  solutions  which  might  be  more  s Imply  mechanised 
than  that  now  employed  in  the  Stinger  sensitivity  computer  will 
ba  investigated.  Special  effort  will  be  devoted  to  possible 
elimination  of  the  TP  servo,  and  one  or  more  isolation 
amplifiers. 

To  date,  three  solutions  have  been  considered,  with 
but  a very  limited  degree  of  success.  Pirat,  it  say  be  possible 
to  eliminate  the  TP  servo  by  using  the  analytical  trajectory 
discussed  in  paragraph  M of  this  section.  (Refer  ;o  equation 
3-12.)  Second,  an  a;  proxinatloa  of  the  SCRP  tan*  may  permit 
simplification  of  mechanisation.  Third,  an  approximate  empirical 
formulation  of  R?  star  b*  used.  »n  exasp!*  of  this  tjpe  of 

solution  follow,.  CONFIDENTIAL 
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fj”*  HP  = A + + C»DOR 

response  factor 
present  range 
present  range  rate 

For  the  Stinger  dynamic  tester  course  this  equation 
yielded  values  of  TM  having  a maximum  error  of  .01  seconds. 

For  purposes  of  mechanization,  it  was  considered  impractical 
as  it  featured  the  difference  of  the  tro  large  terms  B/DO  and 
C'DOR  for  the  Incoming  leg  of  the  course. 

Until  such  time  as  the  course  calcuations  are  com- 
pleted, and  a preliminary  accuracy  analysis  made,  it  has  been 
Redded  to  defer  the  study  of  approximate  solutions  in  order 
to  minimize  time  wasted  in  the  derivation  of  solutions  char- 
acterized by  excessive  error. 

L.  ACCURACY  STUDIES 

It  has  been  decided  to  make  a tactical  study  of  the 
37-ina  Stinger  in  order  to  determine  the  accuracy  requirements 
of  the  fire  control  system. 

A number  of  representative  target  courses,  of  differ- 
ent target  speeds,  crossover  ranges,  and  target  altitudes,  have 
been  selected  for  analysis.  The  tactical  probability  of 
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factor  related  to  MV 

RF  = 

B * 

constant 

DO  = 

C = 

constant 
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occurr ence  of  each  target  course  will  be  considered  and,  for 
each  course,  hit  probabilities  will  be  computed.  Present  and 
future  position  parameters  will  be  calculated  at  selected  in- 
tervals throughout  each  target  course.  Thus,  it  is  hoped  to 
base  the  maximum  accuracy  requirements  for  the  37-mm  Stinger 
fire  control  upon  a sound  evaluation  of  the  tactical  probability 
of  occurrence  of  various  target  courses,  and  the  hit  probability 
on  a plane  flying  these  courses.  The  hit  probabilities  will 
be  based  upon  factors  such  es  gun  angular  dispersion,  gun 
APV  dispersion,  tracking  wander  and  servo  smoothing,  and  radar 
range  errors. 

This  study  will  permit  an  engineering  investigation 
into  the  mechanization  of  the  Stinger  Computer  T26  es  adapted 
in  Model  1 to  the  37-mm  gun,  in  order  to  seek  possible  economy 
in  use  of  electrical  and  mechanical  components. 

The  study  will  also  provide  accuracy  criteria  for 
the  design  of  a new  sensitivity  computer.  It  will  provide 
a basis  for  serve  and  component  redesign,  and  will  establish 
a limitation  upon  the  dynamic  and  3tabic  errors  allowable  in 
the  TM  computer.  Per  example,  it  will  establish  the  accuracy 
with  which  the  tachometers  must  be  compensated  for  temperature 
changes. 
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The  accuracy  requirements  may  be  such  a a to  permi  t 
simplification  of  mechanisation  of  SCH7,  by  permitting  usage 
of  approximate  mathematical  expressions  for  that  term  in  the 
RF  solution  and  it  will  provide  a sound  basis  for  the  study 
of  approximate  solutions  for  HP. 

It  will  indicate  the  accuracies  to  which  non-standard 
ballistic  corrections  must  be  computed  and  mechanized. 


Thus,  instead  of  solely  extending  the  accuracy 
requirements  of  the  caliber  .60  Stinger  fire  control  to  the 
37-mm  gun,  it  is  hoped  that  this  study  will  provide  a more 
realistic  basis  on  which  to  base  accuracy  requirements  for 
the  37-mm  Stinger  fire  control. 


M.  PARAMETER  (LIMIT)  STUDY  - 

1.  General 

As  part  of  the  fire  control  parameter  limit  study 
it  was  necessary  to  establish  values  affecting  the  TM  computer. 
The  parameters  are  listed  in  the  first  quarterly  report  on 
pages  42  and  43.  Values  for  L,  MVC,  PR,  WV,  and  T remain  to 
be  established  in  the  ballistic  and  course  studies. 

2.  Maximum  Sensitivity  Parameters 

The  sensitivity  parameters  are  TM  (»l/RP),  DO  and 
TP.  Beoauae  of  the  increase  in  BP^  from  20C0  yards  (caliber 
.50)  to  4500  yards  (57-ssn),  the  selection  of  DO  max.  was  more 
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critical  for  this  weapon.  During  settling,  the  value  of  TM 
for  the  Models  1 and  2 TM  computer  is  governed  by  DO  max,  as 
seen  in  equation  3-7  . 


Furthermore,  the  accuracy  of  TM  computation  depends 

upon  the  seals  factors  of  the  range  servo,*  as  governed  by  DO 

1 \ 

• V 

max  if  DO  min  is  to  be  held  fixed.  The  DO  max  determined"  in"  v 
this  study  refers  only  to  the  range  servo  travel  rather  than 
the  radar  limit. 


The  limit  on  TM  as  defined  by  equation  (3-7)  affects 

not  only  the  isolation  amplifier  sensitivity,  but  more  signif- 

* ' • 

iCantly  the  settling  time,  as  defined  by 

ST  = 3 (AK-KFS)  TM 


for  95  percent  of  the  lead  angle  error  to  settle  out. 

Although  the  fast  settling  feature  indicated  by  KPS 
in  equation  (3-1)  will  lesson  the  concern  over  minimizing  ST, 
it  13  seen  that  ST  will  still  increase  with  TM.  In  order  to 
achieve  greatest  accurnoy  and  minimize  ST,  therefore,  a more 
conservative  approach  has  been  taken  on  selection  of  DO  max 
than  the  policy  used  for  Computer  T26.  The  previous  view- 
point specified  that  the  range  servo  should  be^ln  following 
when  acquisition  for  settling  begins.  For  a 400  yards  per 
second  target  speed  this  would  require  that  DO  max  exceed 
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D0Of  by  ST  x 400  yards,  or  about  2500  yard#  (baaed  upon  the 
new  ST  and  TM  derived  from  the  larger  DO  max).  Similarly, 
the  TP  servo  travel  would  exoeed  TF0y  enough  to  produce  a 


sizable  decrease  in  APV.  Thus  TM  max  would  become  even 


greaterv 


The  validity  of  the  policy  used  for  Computer  T26 
was  carefully  reconsidered  for  extreme  values  of  DO,  where 
settling  of  cosine  L is  a negligible  part  of  the  solution: 


STM 


cos  L 

1/TF  ♦ DOR /DO 


(3-2) 


It  was  concluded  that  the  only  settling  function  In  the  high 
TM  computation  is  the  acceleration  of  the  DO  and  TF  tachometers 
which  will  require  roughly  .02  second.  The  transient  in  the 
lead  angle  due  to  the  DO  and  TP  servos  accelerating,  will  be 
about  10  percent  when  TM  jumps  from  point  f to  point  b in 
figure  3-19.  This  may  be  smoothed  by  introducing  SCRF  grad- 
ually, through  a delay  circuit,  to  produce  a curve  like  c 
instead  of  b.  The  delay  circuit,  if  used,  would  be  disconnected 
when  the  target-in-range  relay  picks  up  (DP  = 4500). 


It  should  be  pointed  out  that  the  T26  arrangement 
would  have  resulted  in  curve  a when  the  DO  and  TP  servos  are 
moving  to  the  point  of  opening  fire.  Curve  b is  predicted  by 
making  BPV  constant  when  DP  exceeds  4500  yards. 
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After  deciding  that  computer  settling  (i.e.  lead 
angle  computation  or  acquisition)  could  begin  before  the  DO 
and  TP  servos  begin  following,  the  object  was  to  select  DO 
and  TP  upper  limits  which  would  be  as  low  as  acceptable.  DO 
max  was  the  more  critical  problem  because  ST  max  is  determined 
by  curve  b or 


8|- 

U 

RF  = SRF  - SCRF 

( 3-3  > 

1 . 

APY 

SRF  =-22. 
DO 

(3-4) 

STM  ” 

TM  =- 

DO 

APY  (const) 

( i-si 

in 

DO 

1 - SCRF  * 

AFY 

SCRF  is  the  smoothing  correction  to  RF,  snd  never  exceeds  .01 
at  the  beginning  of  a course.  Therefore,  the  numerator  of 
equation  (3-5)  is  predominant  in  controlling  ST  max.  Prom 
equation  (3-4)  this  numerator  is  defined  as  STM.  Since  *PV 
is  equal  to  BPV  for  standard  ballistics  and  is  to  be  constant 
before  opening  fire 

ST  wax  a TM  wax  ^ STM  wax  a DO  nax  (3~6j 

Because  SCRF  is  positive  at  the  beginning  of  a course,  TM  STM 
from  equation  (3-5).  Nevertheless,  STM  is  still  appreciable 
before  the  range  servo  starts  following,  at  which  time  the  DO 
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and  TP  tachometers  begin  generating  an  SCRF.  Thi?  point  is 
indicated  by  g on  figure  3-19.  Prior  to  point  g the  TM 


curve  13  constant,  equalling 


STM  = 


DO  wax 
BP?  win 


13-7) 


This  determines  the  settling  time  which  is  always  to  be  ex- 
pected during  synchronization  and  establishment  of  lead  angle, 
whenever  the  target  is  acquired  with  adequate  warning.  Equation 
3-7  is  shown  at  points  f and  h in  figure  3-19.  The  former 
value  is  for  standard  ballistics  and  the  latter  for  maximum 
air  density. 

* '*  The  benefit  achieved  by  limiting  APV  min  and  DO  max 

is  illustrated  by  comparing  curve  f with  curve  e,  which  would 
have  been  obtained  by  using  the  same  logic  as  was  employed  In 
the  Computer  T26  design. 


On  the  basis  of  standard  ballistics  and  a 400  yards 
per  second  target,  DO  max  could  have  been  set  as  low  as  8100 
yards.  However,  some  consideration  must  be  given  to  conditions 
of  high  air  density  and  low  muzzle  velocity  which  call  for 
greater  vrlues  of  DO  max.  Since  D0Qf>  and  ^of  ar®  botl1  greatest 
for  courses  in  which  HC  =*  0 (head-on  courses),  the  D0o^  was 
computed  from  the  following,  in  which  DP  = 4500  yards  and  TV  s* 


400  yards  per  second. 


DO  a DP  * TV  x TP 


(3-3) 
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T?  was  chosen  at  9.35  seconds,  corresponding  to  a D?  of 

4500  when  HO  = 120  percent.  D0of  from  equation  (3-8)  become* 

8240  yards,  After  estimating  limit  stop  windup  and  a safety 

margin  for  potentiometer  alignment,  a number  was  chosen  for 

the  potentiometer  full  travel.  To  facilitate  calculations  a 

round  number  was  selected,  making  the  full  travel  8500  yards. 

After  deducting  a typical  value  for  windup,  the  upper  free 

travel  limit  became  8287  yards.  By  using  equation  (3-8)  again, 

the  maximum  TP  ^ for  head-on  400  yards  per  second  courses  is 

found  to  be  9.47  seconds.  This  permits  accurate  engagement 

of  such  targets  with  maximum  relative  density  (RD),  or  a 

muzzle  velocity  drop  of  270  feet  per  second,  but  not  both 

simultaneously.  With  » greater  value  of  DO  max  it  would  be 

possible  to  engage  them  with  grea  ter  drops  in  muzzle  velocity, 

but  STM  at  point  h has  already  become  17.311  (by  substituting 

DO  = 8287  and  TP  = 9.47  into  equation  (3-7)).  Moreover,  TM 

max  is  in  the  region  of  20  seconds,  »s  computed  by  equation 

(3-5^  and  illustrated  as  curve  d in  figure  (3-19).  This  so 

far  in  excess  of  the  15.1  seconds  TM  * for  standards  ballistics 

of 

as  to  make  further  concessions  to  non-standard  conditions  un- 
reasonable. Therefore,  8287  yards  was  established  as  the 


* SCR?  for  a head-on  course  wn3  computed  from  SCR?  = 

AK  pAFY’DO/APV'DO  from  which,  for  an  incoming  target:  (3-9) 

SCHP  = «K-TV-A?V  El/OP-APV  + DP-TV)  - a/(JPV2  + TV-KV)]  (3-10) 
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absolute  maximum  DO  free  travel  which  could  be  conteng>lated. 
Since  the  Model  2 computer  now  involves  the  use  of  3 pre- 
cession torque  multiplier,  it  is  also  necessary  to  select 
a conservative  value  for  RF  min,  establishing  TM  max  at  18 
seconds.  If  the  electrical  end  of  the  RF  potentiometer 
representr  zero  RF,  the  servo  limit  stop  problem  Is  unusually 
severe  aAd  the  RF  voltage  sensitivity,  is  as  low  as  practicable. 
Therefore , 18  seconds  must  be  considered  the  maximum  TM 
compatible  with  a lower  limit  of  0.25.  This  lower  limit 
will  be  discussed  later. 


I 


With  TM  max  established  as  18  seconds,  it  is  seen 
from  the  shaded  area  d of  figure  3-19  that  one  second  of 
accurate  firing  will  be  lost  on  the  20  second  TM  course.  This 
is  a situation  which  makes  further  Increase  in  DO  max  fruitless. 

3.  Minimum  Sensitivity  Parameters 

The  lower  free  travel  limit  of  the  range  servo  in 
the  Computer  T26  was  150  yards.  It  is  desired  to  maintain  a 
DO  min  in  the  37-mm  version  which  is  fairly  close  to  200  yards, 
but  some  compromise  is  to  be  expected  because  of  the  increase 
in  limit  stop  shaft  value  (yards  per  revolution),  furthermore, 
the  only  DO  min  of  any  significance  is  the  one  which  la  within 
the  travel  limits  of  TF  and  RF  (l/TM).  Because  RF  max  is 


. 


62 


CONFIDENTIAL 


CONFIDENTIAL 
Security  Information 

practically  proportional  to  l/DOmln,  a changa  In  DO  min 
from  300  to  200  yards  makes  a 50  percent  change  In  RF  travel, 
affecting  sensitivities  and  RF  servo  scale  factors  by  the 
same  proportion.  Therefore,  the  selection  of  DO  min  must 
be  a critical  compromise  between  tactical  and  technical 
requirements. 

Referring  to  equations  (3-5)  and  (3-9)  it  will  be 
found  that  STM  is  less  than  TM  on  the  incoming  leg  of  a course. 
SCRF  changes  from  plus  to  minus  after  present  position  cross- 
over on  a straight  line  course.  Since  STM  passes  through  its 
minimum  before  this  point,  TM  jslways  exceeds  STM.  On  this 
basis  a computer  need  never  have  a limit  for  TM  which  is  low- 
er than  its  limit  for  STM.  Therefore,  using  equation  (3-4) 

DO  win 

M.i-  * STH.t.  » (3-U) 

In  these  equations  the  value  of  APV  13  taken  when  STM  = STM  min, 
a condition  which  occurs  very  clcse  to  present  position  cross- 
over. The  analytical  trajectory  indicates  the  variation  of 
APV  versus  DP  for  automatic  weapons. 

APY  = MY  - a • DP  (3-12) 

where  a is  called  the  retardation  coefficient  and 
MV  = 3000  Cp3. 
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Also,  it  Is  evident  that: 

M,1»  = CP,1„  * RC 

Substituting  equation  (3-13)  into  (3-11) 


13-13? 


STM 


DP  min  _ APV  max  x TP  min 


oin 


APV 


AP7 


< 3-14? 


Since  APV  max  and  TP  min  correspond  to  the  value 
of  DP  min,  equation  (3-12)  shows  that  APV  is  les3  than  APV 
max.  Consequently,  TP  min  will  always  be  less  than  STM  min 
and  should  be  used  as  a goal  for  STM  min.  This  fact  i3  ex- 
pressed by  combining  equations  (3-11)  and  (5-14). 

t 3-15> 

From  equations  (3-13)  and  (3-14) 

D0min  = APV  max  x TP  min  (3~l6) 

Substituting  equation  (3-13)  into  equation  (3-12)  and  equation 
(3-12)  into  equation  (3-16): 

DO  min  = (HV  - a * DO  rain)  x T?  min 


™rain  = TP*in 


< 3-17:’ 


assuming  a = .0961  seconds  ^ for  this  shell 

MV  • TP  rain 


DO  min  = 


1 + .0961  TP  rain 


( 3-18) 


CONFIDENTIAL 


CONFIDENTIAL 
Security  Information 


If  expressions  (3-15)  and  (3-18)  are  used  to  select 
the  DO  and  Til  Units  in  terns  of  the  T?  limit,  these  condi- 
tions will  also  be  best  for  courses  in  which  P.G  is  less  than 
DO  min.  The  TP  servo  will  always  hit  its  limit  first,  so  that 
none  of  the  other  limits  will  affect  military  characteristics. 
On  the  receding  leg  this  will  be  a disadvantage,  but  the  in- 
coming leg  i3  far  more  important  tactically. 


The  preceding  discussion  shows  that  the  minimum  values 
of  TM  and  DO  ideally  should  be  selected  after  establishing  TP 
min.  It  is  unlikely  that  37-mm  shell  T81  will  incorporate  any 
safety  feature,  so  it  i3  assumed  to  be  armed  as  soon  as  it 
leaves  the  muzzle.  Therefore,  It  is  not  possible  to  establish 
TP  min  on  the  basis  of  arming  time  or  arming  range.  However, 
there  Is  a practical  consideration  In  that  very  probably  RF 
max  cannot  exceed  4 in  the  new  computer  without  adding  an 
Isolation  amplifier  to  avoid  saturation.  This  establishes 
TM  min  a3  0.25  on  the  basis  of  simplicity.  In  the  Model  2 
Computer,  this  aggravates  the  scale  factor  of  the  RF  servo  pot, 
but  TM  min  will  be  left  at  0.25  until  further  RP  servo  tests  are 
conducted,  especially  with  slide  wire  potentiometers.  This 
would  set  TP  min  at  0.25  by  equation  (3-15),  whereas  it  was 
0.125  for  the  Computer  T26.  By  equation  (3-18),  DO  min  be- 
comes 244  yards,  so  this  becomes  the  objective  for  the  range 


CONFIDENTIAL 


CONFIDENTIAL 
Security  Information 

limit  stop.  By  using  the  same  DO  Unit  stop  03  in  tho  Comp uter 
T26,  the  lower  free  travel  limit  for  DO  can  be  made  213  yards. 

The  T?  limit  stop  would  require  modification  to  achieve  the 
-inquired  value  of  0.25  For  breadboard  purposes,  without  mod if - 
ication,  it  will  be  0.27,  but  could  be  0.20  on  a production 
design.  \ 

Limit  stop  modifications  to  reduce  overtravel  are 
definitely  contemplated  for  any  prototype  or  production  de- 
sign because  it  is  essential  that  one  electrical  and  of  each 
sensitivity  potentiometer  (DO,  TF,  RP)  represent  zero  or 
greater.  Since  the  mechanical  stops  of  multi-turn  potentio- 
meters are  very  close  to  the  electrical  tap,  the  limit  stop 
spring  windups  consume  active  resistance  windings  on  the 
potentiometer  and  establish  the  free  travel  limit  of  the 
variable  in  question.  In  designing  the  37-mm  computer, 
either  these  windup  travels  will  be  reduced  by  using  motor 
slip  clutches,  or  else  the  ten-turn  potentiometers  will  be 
purchased  with  taps  at  l/4  revolution  and  9-3/4  revolutions. 

In  the  second  approach,  tha  free  travel  limit  will  coincide 
with  the  electrical  limit  of  the  potentiometer.  . 

In  reducing  the  free  travel  limits  of  DO  and  TF  ba- 
le* 2-14  yards  and  0.25  seconds  respectively,  the  computer 
effectiveness  will  be  improved  after  crossover  on  courses  for 
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which  TM  min  is  less  than  0.25.  Before  crossover  end  through- 
out all  courses  where  Til  min  exceeds  0.25,  however,  the  min- 
lnua  DO  for  accurate  coaputing  must  still  be  specified  as  244 
yards.  This  is  the  limit  derived  from  equations  (3-15)  and 
(3-18),  and  is  only  one  which  will  apply  to  extremely  slow 
targets. 

The  distinction  between  these  military  character- 
istics and  the  assumed  design  limits  is  made  in  the  table 
which  concludes  this  section.  These  parameter  limits  may 
undergo  change  »3  a result  of  the  course  probability  study. 

4.  Differential  Ballistics  Parameters 

The  differential  ballistic  parameters  are  relative 
density  (RD),  muzzle  velocity  (MV),  wind  velocity  (WV),  and 
temperature  (T).  The  extent  of  these  ballistic  corrections 
to  velocity  (ECV)  and  of  the  angular  deflections  (LBL  and 
VB)  are  still  to  be  studied.  In  Computer  T26  the  RD  effect 
upon  APV  was  introduced  by  means  of  a three-dimensional  cam. 

The  MV  correction  (KVCV)  was  introduced  differentially  by 
a non-linear  potentiometer  circuit.  On  the  assumption  that 
this  same  arrangement  would  be  used  in  the  37-mm  adaptation, 
it  was  desired  to  compute  travel  limits  for  basic  projectile 
velocity  (BPV).  This  variable  is  standard  projectile  velocity 
corrected  for  TF  and  RD. 
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Expression  (3-12)  was  compared  with  the  ballistic 

tables  for  Shell  T31  and  on  an  average  value  of  a 93fcablishod 

ns  .0951  (for  QJS  = zero).  Since  a is  known  to  be  proportional 
—2 

to  RD  x 10“  , the  minimum  value  of  /PV  at  the  time  of  opening 
fire-  could  be  computed. 

From  equation  (3-12) 

3PV  = 1000  - .0961  x RD  x 10“3 

RD  max  was  assumed  as  120  percent  corresponding  to  the  value 
used  in  Computer  T26.  Following  the  policy  established  above 
for  limiting  STM  max  It  is  assumed  that  the  BPV  cam  levels  off 
beyond  T?of^  which  is  9.35  seconds  for  120  percent  RD.  There- 
fore, a DF  of  4500  was  substituted  in  equation  (5-12)  to  give 
BPV  min  as  481.06  yards  per  second.  Using  the  same  policy  for 
RD  =■  100,  BFVq^.  becomes  567.55.-  So  long  as  the  present 
mechanization  is  retained,  however,  this  latter  figure  Is  only 
significant  In  determining  point  f of  figure  3-19. 


Sin^  JV  changes  will  not  be  introduced  in  the  BPV 
cam,  BPV  max  automatically  becomes  the  standard  muzzle  velocity 
or  1000  yards  per  second.  In  comparing  the  new  BPV  limits 
with  the  figures  of  466  and  1130  for  Computer  T26,  there  has 
been  a 25  percent  improvement  in  3FY  potentiometer  scale 
factor  ( of V max  - BPV  min)/ ,9-15  in  yards  per  second  car  rev- 
olution. This  is  attributed  to  the  better  trajectory  and  to 


the  r.e-r  policy  of  limiting  PPV  ain. 
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Another  parameter  which  is  neco33a.-y  for  the  TM  - 
solution  is  SVC,  in  the  equation 

YCRF  = KYC  • AX  * APY  • TFR  • RD  x 10"*  ( 3“  19  J 

which  is  a variation  of 

YCRP  = AX  • la/MV)  * APV  • TFR  (5-20) 

KYC  becomes 

KVC  = — ~ 9.61  x r5  yards-1  (3~2i' 

5.  Tracking  Parameters 

The  tracking  parameters  are  L max,  LPR  max,  VPR  max, 

AS,  DO!  max,  T?R  max,  ana  RPR  max.  The  possible  requirement 
for  increasing  L max  for  the  37-mm  computer  has  been  studied 
somewhat  in  the  design  department . Lead  angle  curves  for 
various  800  mile  per  hour  target  courses  have  also  been  com- 
puted and  are  presented  in  Figure  3-20.  Similar  curves  for 
other  target  speeds  will  be  produced  in  the  accuracy  analysis 
and  all  parameters  will  be  studied  on  the  basis  of  hit  probabil- 
ity. A final  recommendation  for  L max  will  then  be  determined. 
Meanwhile,  on  the  assumption  that  it  might  go  as  high  as  37 
degrees,  a tentative  value  of  cos  L min  was  specified  as  0,'r9. 
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LPR  max  and.  VPR  max  have  been  retained  as  15CO  and  1296  alia 
per  second  res pecllvaly  until  the  targat  course  studies  are 
complete. 


The  aiding  constant,  AK  may  be  changed  as  a result 
of  the  servo  system  studies.  If  greatly  improved  deflection 
servo  response  is  predicted  from  that  study,  a redaction  in  AK 
would  be  possible.  This  would  improve  ST,  as  a i-osulk  Qf  the 
smoothing  reduction.  On  the  o-her  hand,  it  aay  prove  necessary 
to  increase  AX  to  improve  stability  at  lower  TM  values.  For 
the  time  being  it  will  be  assumed  that  AK  will  remain  0.33, 
as  it  was  for  Computer  T26. 


The  maximum  rates  of  range  (DOS  max)  and  time  of 
flight  (TFR  max)  v/ill  be  determined  by  the  maximum  speeds  of 
their  respective  3 irvo  motors.  Until  the  servo  studies  progress 
further  it  will  be  assumed  that  the  Kearfott  R112  motor  will 
be  used.  This  motor  produces  a maximum  speed  of  10,000  rpm,  as 
connected  in  Computer  T26.  This  results  in  a DOR  max  of 


10,000 


x 20  yards/revolution  = 3533  yards  per  second 


Assuming  the  same  gear  ratio  is  maintained  to  the 
ten-turn  helipot  (to  overcome  potentiometer  friction),  the 
new  DOR  max  would  be 


new  potentiometer  travel  yards 
126  potentiometer  travel  yards 
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•'I though  this  is  c insldenbly  - b eve  the  specified 
value  of  5-300  yards  per  second  (for  T26  / it  probably  is  just- 
ified because  the  servo  has  r. ore  yards  to  tr-.vel  from  one  end 
to.  the  other.  However,  it  It  thought  th-»t  the  servo  should 
use  two  feedback  potentiometers  ir.s'sad  cf  ’or.e making  a total 
of  four  ten-turn  potent  lo.r.eters  - v.nose  friction  might  total 
5 to  £ Inch  ounces  with  bail  bearing  potentiometers.  Although 
higher  torques  might  exist  in  the  three  sleeve  bearing  poten- 
tiometers now  used,  no  increase  in  rvev.  servo  static  accuracy  Is 
likely  even  if  the  component  changes  permit  increasing  the 
gain.  This  Is  because  of  the  increase  in  servo  scale  factor 
from  6300  to  5500.  Because  of  -the  prospective  change  from 
three  to  four  Helipo's,  tn-eref ore  , it  is  desirable  to  increase 
the  motor  gear  r->tio  at  some  expense  in  15?.  max.  This  would 
promise  some  gain  in  yards  a : curacy  on  the  bas  is  of  servo  load 
friction.  A servo  study  is  being  mode  tc  show  whether  this 
will  also  benefit  stability  hue  to  potent  lone  ter  resolution*. 
For  the  time  being  It  was  ds  ; i iv  i to  ir  prove  slightly  or.  the 
TO 5 gear  ratio  by  moinx  to  '5  1 yards  per  revolution.  This 
produces  a 30?  max  of 


a A Od.CiO 
5.5  yard; 


^ cjq  . 3 ; 4*r  { ~ ">  t a*  .V  7 Y . .1  ' V - 
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10,000 


y.  24  = 4000  yards  per  3econd 


< 3-25 ; 


In  tha  Computer  T2S  there  was  a gear  ratio  of  9:1 
between  the  TP  motor  and  potentiometer,  which  was  found  to 
be  critical  from  the  standpoint  of  limit  stop  Inertia.  To 
improve  both  TP  acceleration  and  mechanical  advantage  against 
friction  torques,  this  ratio  is  changed  to  20:1.  The  motor 
shaft  value  will  be  the  potentiometer  shaft  value  divided  by 
this  gear  ratio,  or  0.05  seconds  per  revolution.  TFR  max  becomes 


10,000 


x 0.0 5 = 8*33  seconds/second 


( 3-26 ) 


Assuming  Instantaneous  acceleration.  It  would  require 
only  1.14  seconds  for  th9  TP  servo  to  slew  through  Its  total 
travel  at  this  rate,  which  is  better  than  the  l.S  seconds  re- 
quired for  the  range  servo. 

The  R?  servo  requirements  have  not  been  considered 
extensively  as  yet,  although  they  should  include  high  accuracy 
and  a slewing  tine  equal  to  that  of  the  range  servo.  Until 
further  study  is  completed,  A motor  to  potentiometer  ratio  of 
20.4  to  1 Is  recommended.  This  will  apply  to  the  three-turn 
potent iometors  also, -for  the  breadboard  pr'gram.  The  result- 
ing value  of  RPR  max  (for  the  ter.-turn  potentiometer)  Is 
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60  X 20,4 


3.  2/  aeco nd3~2 


c 3 - 2 7 ; 


6.  Summary 

The  tentative  parameters  30  far  determined  are 
tabulated  as  follov/s 

TABLE  3-1 

COMPUTER  SENSITIVITY  PARAMETERS 

Military 

Characteristic  Free  Travel  Free  Travel  Potentiometer 


Value 


Objective  (Breadboard)  Elec.  Limit  Units 


D?  max 

4500 

- 

- 

- 

yards 

RF  max 

4.0* 

4.0 

3.92 

4.0 

mps/mil 

RF  min 

.0556 

.0556 

0.0616 

0 

mps/mil 

DO  max 

8287 

8287 

8287 

8500 

yards 

DO  min 

244 

200 

213 

0 

yards 

TF  max 

9.47 

9.73 

9.73 

10.0 

secs 

TF  min 

0.25 

0.20 

0.27 

0 

secs 

TABLE 

3-2 

Variable 
RD  max 
RD  min 
MV  max 
MY  min 


DIFFERENTIAL  BALLISTIC  PARAMETERS 
Value 
120 

not  determined  yet 
not  determined  yet 
not  determined  yet 


Units 

% 


i R?  max  may  h*»ve  to  be  reduced  in  Model  2 to  Improve  E?  ' serve  scale 
factors , especially  if  slide  wire  potent  l e-meters  rr've  ioz  feasible. 
Furthermore,  the  course  rrot->bilIr.v  studies  Irf  :sr  -e  tV  s' 
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TABLE  3-2  (CONT.  ) 


Variable 

Value 

Unite 

WV  max 

not  determined  yet 

» 

mph 

T max 

not  determined  yet 

°P 

T min 

not  determined  yet 

°P 

B?V  max 

1000 

yps 

B?V  min 

481.06 

ype 

KVC 

9.61  x 10"5 

yards 

TABLE  3-5 

COMPUTER  TRACKING  PARAMETERS 


Variable 

Value 

Units 

L max 

not  determined  yet 

mils 

L min 

0 

mils 

co3  L min 

0.79 

- 

AK 

0 • o3 

- 

DOR 

4000 

yps 

TFR 

8.33 

sec/  sec 

RPR 

3.27 

_£> 

sec  3 

It  i3  likaly  that  the  parameters  which  have  not  been 
specified  *111  be  established  during  the  next  quarter. 


m 


L 
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SECTION  IV 
SERVOS 

A.  INTRODUCTION 

Investigation  of  the  azimuth  power  control  servo 
design  was  started  about  the  middle  of  October,  1952,  This 
servo  is  to  b^  a^i  elec tro-hyaraulic  servo  of  the  conventional 
"A"  and  "b’'  end  type,  designed  to  meet  the  requirements  of 
the  new  system.  The  initial  decisions  are  ba3ea  upon  estimates 
of  turret  and  gun  Inertia  and  data  on  the  gun  reaction  torques 
expected  If  the  Armour  soft  mounted  gun  is  used.  Computations 
^ for  the  Dixon  gun  and  the  hard  mounted  Armour  gun  will  be  made 

later  when  recoil  force  time  diagrams  are  available.  Maximum 
velocity  and  maximum  acceleration  requirements  place  further 
restrictions  on  these  decisions.  Mechanical  packaging  and 
substitution  of  some  Stinger  design  influence  the  final  choice 
and  arrangement  of  basic  components. 

B.  BASIC  REQUIREMENTS 

1,  Performance 

The  maximum  velocity  of  the  turret  la  to  be  90  degrees 
per  second.  The  maximum  uncontrolled  acceleration  of  turret 
will  be  200  degrees  per  second  squared,  while  the  maximum 
controlled  acceleration  will  be  120  degrees  car  second  squared. 

J 
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2.  Loads 

Based  on  the  Armour  37-rnm  30ft  mounted  gun  the 

Q3fcJ.n.vted  turret  and  gun  inertia  is  expected  to  be  2000 
2 

slug  ft  . The  average  torque  with  one  gun  firing  is  64,000 
pound  inches  (figure  5-11). 

3.  Mechanical  Considerations 

The  electric  drive  motor,  transmission  and  associa- 
ted controls,  and  the  azimuth  gear  box  are  to  be  a packaged 
unit  which  will  be  removable  from  the  top  of  the  turret  (figure 
4-1).  Investigation  will  be  male  to  determine  If  the  present 
Stinger  gear  box,  whose  gear  ratio  is  232  to  1,  may  be  used. 

4.  Calculations  Leading  to  Choice  of  Transmission 

and  Components. 

Torque  required  to  accelerate  2000  slug  ft2  at 


100/sec^  or  1.75  rad/sec^  is 

Ta  = ja  = 2000  lb  ft  sec2  x 1.75  rad/sec2 
= 3500  lb  ft  at  turret 

The  hydraulic  motor  or  "B"  end  torque  required  is 
3500  lb  ft  12  in 


Tb  = 


232 


ft 


= 181  lb  in. 


The  average  gun  reaction  torque  (one  gun  firing),  assuming  a 
torque  arm  of  21  inches  and  an  average  reaction  force  of  3C55 
pounds  Is 

= 21  in.  x 32 ?5  ibs  ~ 64000  ib  in. 
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This  torque  reflected  to  the  "B"  end  i3 

_ 64000  ib  in  , , , 

Tg  = — = 276  lb  in 


The  total  of  these  t?*o  torques  is  457  pounds  inches  as  seen 
at  "B"  end.  The  Vickers  3915  hydraulic  transmission  which  is 
rated  at  735  pound  incnes  at  3000  pounds  per  square  inch  or 
1088  pound  inches  at  4500  pounds  per  square  inch  is  a likely 
choice  based  on  these  static  considerations.  The  maximum 
pressures  under  the  above  mentioned  conditions  would  be 

735  lb  in  457  lb  in 

3000  psi  Pm 

Solving:  Pm  = 1900  psi. 

Considering  the  peak  gun  reactions  in  the  static 
sense  it  will  be  found  that  the  peak  static  torque  reflected 
to  the  B end  is 

_ 9100  lbs  x 21  inches  , , . 

Tg?  = = 823  lb  m 


The  corresponding  pressure  i3 


733  lb  in  823  lb  in 

3000  psi  Pgp 


Pgp  » 3400  lbs  per  square  inch. 


Adding  the  pressure  due  to  an  acceleration  of  1C 
we  obtain  4140  pounds  pen  square  inch. 


Vseo2 
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It  is  seen  therefore,  that  from  the  static  point 
of  view  pressures  above  4140  pounds  per  3quare  Inch  would 
not  be  exceeded  and  these  would  only  obtain  at  points  30° 
from  course  crossover.  Therefore,  very  simple  relief  valves 
of  the  spring  and  ball  type  may  b9  used  and  the.se  could  be 
set  to  actuate  above  4140  pounds  per  square  inch.  These  may 
be  mounted  in  the  valve  plate  of  the  variable  displacement 
pump  (or"A”end)  than  eliminating  external  relief  valves  and 
the  long  piping  associated  with  them.  In  this  manner  an 
effective  reduction  In  "oil  under  compression”  volume  Is  ob- 
tained which  is  very  definite  advantage  as  will  be  discussed 
later. 

These  tentative  conclusions  may  be  altered  due  to 
either  the  use  of  a hard  mounted  gun  whose  fire  may  be  syn- 
chronized or  as  n result  of  the  dynamic  analysis  as  Indicated 
in  paragraph  D. 

C.  STROKING  AND  CONTROL  MECHANISM 

1,  Pilot  Valve  and  Power  Fiston 

A power  piston  will  be  used  to  drive  the  ”A”  end 
yoke  and  a pilot  valve  will  be  used  to  actuate  the  power  pi3ton. 
It  is  tentatively  decided  to  use  a solenoid  or  a tcrque  motor 
to  drive  the  pilot  valve  similar  to  the  or.s  presently  U3ed  in 
Stinger.  Xh’3  Is  justified  by  the  better  frequency  response  of 
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the  solenoid  over  stroke  servos.  For  example,  the  frequency 
response  of  a torque  motor  driving  a pure  inertia  load  and 
built  by  the  Midwestern  Geophysical  Laboratory  is  down  5 db 
at  100  cycles  per  second,  -50°  phase  shift  at  100  cycles  per 
second,  and  pedk  at'abc\it  ^00  cycles  per  second. 

- ■ ‘ * ^ ■ 

The  pilot  valve  will  be  designed  to  yield  maximum 
acceleration  ( 200°/ aec 2)  when  it  displaced  O.blEy  inch  from 
center  position.  This  comparifcively  large  displacement  was 
chosen  to  reduce  the  effects  of  changing  dimensions  of  the 
housing  and  linkages  due  to  changing  temperatures  and  also  to 
relieve  somewhat  the  dimensional  tolerances.  Further,  0.015 
inch  is  a reasonable  maximum  displacement  to  require  from  a 
solenoid  torque  motor  with  about  20  to  40  milliamperes  signal 
input. 

The  power  piston  will  be  built  with  a large  diameter 
30  that  large  forces  will  be  available  to  drive  the  yoke,  thus 
minimizing  the  effect  of  load  reaction  forces  on  the  "a"  end. 

The  power  piston  will  have  an  area  of  2 square  inches 
and  a stroke  of  1.687  inches.  The  required  volumetric  rate  of 
flow  into  the  power  piston  to  yield  maximum  acceleration  is 
0.485  gallon  per  minute. 


CONFIDENTIAL 


in 


CONFIDENTIAL 
Security  Information 


2.  Electric  Drive  Motor 


The  pimp  -suet  be  run  at  a constant  speed  of  3600 
revolutions  per  minute  if  the  gear  ratio  is  to  be  232  to  1. 

If  the  electric  drive  motor  runs  at  a different  speed  as  In 
caliber  .60  Stinger,  it  Is  necessary  to  Interpose  a gear  box 
between  the  motor  and  the  "A”  end.  Regardless,  the  required 
horsepower  of  the  motor  may  be  estimated  a 3 follows. 

Maximum  Required  Horsepower  = hp  = J^,V^  Ap  + power  losses 
in  which  J q,  — total  turret  inertia  » 2000  slug  ft^ 

= maximum  turret  velocity  = 90°/ sec  = 1.57  rad/sec 
Arp  = maximum  turret  controlled  acceleration  = 100°/ sec2  * 

1.75  rad/sec2. 

Power  losses:  estimated  at  2 hp  (power  required  to  pump  control 
pressure  oil,  system  replenishing  pressure  oil, 
and  pump  losses). 


maximum  horsepower  - 2 + 


2000  lb  ft  sec3  x 1.57  rad/sec  x 1.75  rad/sec2 


= 12  horsepower 

ThU3  an  electric  motor  is  required  which  has  good 
speed  regulation  over  the  range  of  2 to  12  horsepower*.  This 


* Good  speed  regulation  13  required  in  order  to  maintain  linear 
errors  due  to  accelerations  rog-rdless  of  the  horsepower 
demanded  of  the  system. 
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i 3 a conservative  figure  and  is  based  upon  the  improbable 

condition  that  the  maximum  velocity  and  maximum  acceleration 

will  occur  at  the  same  time.  However,  it  should  be  noted 

that  this  condition  does  occur  during  breadboard  test  when 

the  test  constant-acceleration  course  i3  used  to  evaluate  servo 

acceleration  errors.  It  is  believed  that  this  conservative 

estimate  is  justified  to  compensate  for  possible  increase  in  i 

inertia  over  that  estimated.  j 

! 

| 

The  azimuth  electric  drive  motor  presently  used  in  ' 

• ...  I 

Stinger  (Diehl  SS  FD166-2200-1)  has  a spaed  regulation  of  ; 

i 

i 

7,5  percent  over  this  range.  j 

. » 

« 

3.  Other  Mechanical  Considerations  f 

The  hydraulic  control  system  will  be  built  along 
lines  similar  to  that  of  the  present  Stinger  azimuth  system. 

Specifically  the  control  pressure  pump,  replenishing  pump,  j 

solenoid,  pilot  valve,  and  the  stroke  feedback  mechanism  will  j 

be  integral  with  the  basic  pump  or  "A"  end.  An  oil  cooling  i 

system  will  be  included  operating  from  the  overflow  oil  of  the  j 

two  pumps.  This  leads  to  the  advantage  of  being  able  to  use 
a smaller  pump,  possibly  built  into  the  "A"  end  cover,  and 
locating  an  oil  cooling  system  remotely  with  respect  to  t-ha  : 

power  controls.  j 
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D 


Tha  pilot  valve  - solenoid  linkage  will' be  redes! ;rr.ed.- 
It  Is  presently  contemplated  that  a 0.020  Inch  diameter*  steel 
wire  will  be  used  to  transmit  motion  from  the  adenoid  to  the 
pilot  valve.  This  wire  would  be  fixed  to  the  solenoid  ara 
and  fixed  to  the  back  end  of  the  pilot  valve  sleeve-  Balanc- 
ing adjustments  will  be  made  on  the  sleeve  outside  of  the  case. 

D.  DYNAMIC  CONSIDERATIONS 

1.  General 

The  preceding  considerations  were  based  on  the  static 
characteristics  of  tha  system  which  mu3t  necessarily  da  satis- 
fied. However,  the  system  is  dynamic  and  the  previous  decisions 
must  be  examined  in  this  light.  The  dynamic  analysis  nay  show 
that  the  above  choice  is  entirely  inadequate  sud  a different 
size  transmission  may  have  to  be  chosen.  The  following  work 
ha 3 been  done. 

2.  Azimuth  Power  Control 

The  azimuth  power  control  servo  is  broken  icwa  into 
the  block  diagram  shown  in  figure  4-2. 

The  notation  U3ed  is 

0o(t)  * 252  x Q;0(t) 

Oj^ft)  input  to  azimuth  power  control  servo 
8*Jt)  output  of  azimuth  power  control  servo  { Turret 


; it  ion 
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«{fc)  error  equal  to  (3i  - Qo)  if  H s 1 
©gft)  !,B"  end  or  hydraulic  motor ■ position 
K equivalent  system  spring  constant  reflected  to  *3"  end 
J-^  equivalent  gearing  and  "H"  end  inertia  reflected  to 
’’B”  end 

J 2 equivalent  load  inertia  reflected  to  "B"  end 

T^tt)  load  disturbance  due  to  guns  firing  reflected  to  "E"  end 

j (t)  the  "A”  end  yoke  displacement  from  neutral  (radians) 

G^(t)  the  servo  transfer  function 

H (t)  is  the  major  loop  feedback  transfer  function 

Cr2  ( t ) the  hydraulic  transmission  plus  load  transfer  function 

The  quantities  which  are  functions  of  time  are 
indicated  by  (t).  All  quantities  have  been  reflected  to  the 
"B”  end  shaft  value  as  determined  by  the  232  to  1 gear  ratio. 

3.  Transfer  Functions 

The  equations  for  Gg  will  be  developed.  These  are 
0 (t) 

1 — with  Tt ( t ) * 0 ' (4-1) 

y ( t ) L 

This  formula  will  be  used  for  the  servo  design  3tudy. 
and 

am 

- (with  y(t)  - 0!  (4-2) 

TLm 

This  formula  will  be  used. to  investigate  the  effect  cf  gun 
firing  on  turret  notion. 
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These  equations  will  be  developed-  as  open  loop 
equations  with  H = 0. 

4.  Transmission 

The  transmission  consists  of  a variable  displacement 
pump  or  "A"  end,  a fixed  displacement  motor  or  "B”  end,  and 
connecting  pipes.  Associated  with  these  components  are  the 
following  parameters 


y(t) 
sp(t ) 


Qp(t) 


Q-lC  t J 
p (t) 
Qm  (t) 


d0BCt) 


"A”  end  yoke  displacement  from  neutral  (radians) 
quantity  of  oil  pumped  per  unit  of  y (ft3/sec  per 
radian  of  y) 

quantity  of  oil  pumped  (Spy  ft3/ sec) 

Leakage  coefficient  (ft3  per  sec  per  lb  per  ft2 
of  differential  line  pressure) 

Leakage  (=  [ P ft3/sec) 
differential  line  pressure  (lbs/ft2) 

d<?B 

motor  flow  (=«  dm  ft3/sec> 

dt 

motor  displacement  (ft3/rsd)» 

"Bn  end  or  hydraulic  motor  velocity  (rad/sec) 

AV 

Oil  flow  due  to  oil  compression  { = — ft3/sec) 

At 

Change  in  volume  of  oil  under  compression 

(-  1 P ft3) 

B 

Volume  of  ell  under  compression  (ft3) 

Bulk  modulus  of  oil  (lbs  per  ft2) 
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5.  P’xnp  Pressure  Equations 


P = -i-  s 2 9 _ t6o  _ e , JL 

dra  3 3 Da 


f 4-5  J 


where  S = = jw  (usual  operator  notation) 


LJ1 


Qx  = LP-ji  S2  ^ , 

A dn  3 dm  3 


(4-4) 


d5g 

Qra  = dm  ~ — = dmS0a 
dt  3 


(4-5) 


Qc  = *1 , 1 d±  = II 

dt  B dt  Bdt 


~ Ss  - (0o  - <9B ) — 
dm  3 dm 


V ■ 


V Ji 
B dm 

S3  SB 

- S I0o  - 

V 

KV 

Bdra 

(4- 

-6) 

i 

1 

Qp  •» 

Qj+  Qra 

+ Qc 

♦V 

( 

(4- 

*7) 

i 

LJ^ 

. dm 

S3  gB 

LK 

dm 

100  - 

V 

+ dnj  S £?g  + 

i 

1 

S3  e. 

- S 

100  - 

0n 

(4 

8) 

1 

i 

y 

i.Bdm 

B 

B 

Bdra 

\ 

i 

Solving  Eq.  (4-8)  for  03 


*B  = 


, Y LK 

3 _ I * — — 

P dm 

[l  ♦-W 

BL 

00 

111 

dra 

VJ1 

iws  Wi/K  33  ♦ 

dras 
[IK  * 

V] 

3LJ 

S ♦ 1 

(4-9) 
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6. -  Lead  Torque  Equations 

J2  d2  do  - Tj,  ♦ - Oo)  K (4~10> 

Solving  2q.  4-10  for  9o 

• (4-u, 

s(ts2  * 1 

7.  Equations  4-9  and  4-11  suggest  the  block  diagram 
of  figure  4-3. 

8.  Hydraulic  Coefficients 

The  following  hydraulic  coefficients  were  obtained 
from  Vickers  Data  Summary  SE-lSa  and  are  for  the  3915  units. 

Sp  = 1.519  in  /rev  = .lffc3/sec  per  rad  of  y 
L (total  for  "A"  and  "B"  end) 

= 2 x 0.62  in3  /sec/  1COO  psi  = 4.95  x 10~9 

. ........  ■ sec  lb 

dm  = 1.519  h^rev  = 1.41  x 10~4  ffc3/rad 

The  bulk  modulus  coefficient  is  that  of  the  oil 
presently  used  on  Stinger. 

B = 230,000  lb/in2  = 34.3  x 106  lb/'ft2 

The  volume  of  oil  under  compression  was  estimated 

, 3 

at  11.  (bised  on  30  inches  of  pipe  length;  3/4  Inches  in 
diameter  plus  the  oil  within  " A”  and  ’’3”  end). 
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9.  Mechanical  Coefficients 

Although  the  turret  and  gun  inertias  (Jg)  have  been 
o 

estimated  at  2000  3lug  ft  at  the  turret,  the  inertia  and 
-the  spring  constant  have  not  yet  been  estimated,.  It  is 
anticipated  that  will  be  very  small  and  K very  larga  which 
will  result  in  a considerable  simplification  of  the  equations^ 


J2  Na  lb  ft  sec2 

T)  U lb  ft  . 
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The  block  diagram  with  known  coefficients  Inserted  is  shown 
in  figure  4-4. 


I 


I 


11.  Output  versus  Power  Piston 

21  u22 


For  Tl  ( t ) = o 


do  U)  . .1  G.oi  G< 


y ( t ) 1 - G21  G22  ^2 


= Q2 


(4-12 l 


Substituting  transfer  functions 


*o<t) 
y£  t > 


.1 


J.Jn  J.  Jp 

.131  X 10-5— L±  S4  + 3.43  x 10-5  S3  + 

iv  IV 


14.1  x 10"5-J+  .131  x 10"5  J2 


^o(t5 


+ .131  x 10"5  J^S2  + [3.48  x 10"5  J2  + 3-48  x 10~5  Jx]s * 14.1  x 10"5 

12.  Output  Versus  Load  Disturbance  with  y(t)  = 0 

J. 


(4-131 


10  9olV 


TL(t)  KG21  y(t) 


= 5.48 x 10~5 


.0374 


5rs3*TsS*fir*-0574) Stl 


Vt) 
y(  t’ 

(4-14) 


13 o Application  of  Equations  (4-12)  and  (4-13) 

0o  ( t ) 

The  equation Gg  for  TL(t)  = o will  be 
used  in  the  development  of  the  servo.  The  multiplication  of 
G* 2 t>y  yields  the  open  loop  transfer  function  of  the  servo. 

In  the  initial  design  work,  neglecting  certain  terms  will  prove 
expedient  in  indicating  the  proper  approach,  order  of  magnitude, 
and  kind  of  transfer  functions  necessary.  For  example,  if  K 
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i 

approaches  ® and  approaches  0,  3 g will  reduce  to 


= 


3 [.131 x 10-5  J^S8  ♦ 3.48  x 10"5J2  S + 14.1 x 10~5) 


( 4-15  > 


sc. 000346  s2  + .0915  s + i) 


Considering  SG'g  (which  is  simply  the  transmission 
function  of  "B”  end  velocity  versus  yoke  position)  we  find  the 
peaking  frequency  of  the  transmission  as 


.000346 


“0  =*  53*6 

_ 53*6  _ „ 

fQ  * - = 8.55  cps 


The  damping  coefficient  is  found  from 


— - .0915 


l » .245 


6 db  peak. 


This  damping  coefficient  corresponds  to  about  a 


It  should  be  noted  here,  although  it  h3s  not  been 


shown  explicitly,  that  the  coefficient  of  S Is  proportional 
V J 2 

to  3 3m  an<*  ^hat  ^or  w0  to  k®  large  this  quantity  should  be 
small.  This  is  the  reason  for  wanting  the  volume  of  oil  under 


:omcros3ion  ksot  small. 
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Further  the  coefficient  of  the  3 term  is  proportional 
to  and  thus  the  magnitude  of  the  peak  is  limited  by  the 

dr? 

leakage. 

This  expression  may  be  further  simplified  by-neglect- 
ing the  peaking  effect  and  assuming  a magnitude-frequency  curve 
for  Gg*  of  the  form 


1 + 

This  is  plotted  with  a decreasing  slope  of  20  db  per  decade  to 
t = 53.5  and  then  60  db  per  decade. 

This  procedure  simplifies  the  initial  design  work. 
The  final  design  would  be  checked  with  the  complete  transfer 
function  involved. 


l2 

53-6  J 


14.  .Application  of  Equation  (4-14)  j 

II  5 

The  equation  £o(t ) = Go  will  be  used  to  find  the  ! 

T^  It)  j 

effect  of  disturbing  load  torques  on  the  system.  This  investiga-  j 

tion  may  be  made  in  two  parts 


(a)  Considering  the  effect  with  the  servo  open  loop 

(H  = 0)  and  with  y held  in  the  natural  or  zero  ..  . 

velocity  position. 

(b)  Considering  the  effect  with  the  servo  loop  closed.  ; 


1 ^ 
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The  former  m?.y  be  Investigated  rather  early  in  Che 
study  because  it  involves  only  the  use  of  3 unknown  constants, 

Jj*  $2*  ancl 

However,  ths  latter  investigation  depends  upon  the 
development  of  the  servo  and  the  associated  transfer  functions. 

i ' • ' . • * * 

This  investigation  is  necessarily  delayed  to  a later  date.  j 

| 

! 

The  method  of  investigation  will  be  as  follows:  j 

• • ' ) 

The  Fourier  series  coefficients  for  force-time  curve  of  figure  ' 

» 

5-11  are  computed  as  outlined  in  Section  V,  paragraph  A(6). 

Each  component  sine  and  cosine  wave  will  be  applied  to  the  j 

j 

transfer  functions  separately  and  the  output  magnitude  and 
phase  calculated.  These  outputs  will  then  be  summed  to  give 

i 

the  resulting  effect  of  firing  one  gur.  I 


E.  BREADBOARD  ASSEMBLY 

The  actual  breadboard  work  is  progressing  as  follows: 

The  ”An  and  "B”  ends  have  been  obtained  on  a consignment 
basi3  from  Vickers.  An  electric  drive  motor  and  a suitable 
mounting  table  have  been  assigned.  The  power  piston  and  bracket 
are  mounted  on  the  nAn  9nd.  Almost  all  the  external  pumps 
and  associated  fixtures  are  available  end  are  now  being 

i 

assembled.  j 

j 
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?.  FUTUH2  ACTIVITY 

Data  »ill  be  taken  on  the  tentatively  proposed  pilot 
valve  and  sclonoid  in  order  to  obtain  needed  design  informa-  . 
tion.  Study  is  being  done  to  detemine  the  coefficients  nec- 
essary in  order  to  use  equations  4-13  and  4-14,  A preliminary 
servo  design  study  will  be  made  to  determine  the  feasibility 
of  using  a magnetic  amplifier  in  place  of  the  conventional 
amplifier. 

No  work  has  been  started  on  the  design  of  the  ele- 
vation power  control  system  or  the  remaining  servo3. 

9*  ' 


\ 


CONFIDENTIAL 


CONFIDENTIAL 
Security  li  formation 


section  v 

TURRET  AND  VEHICLE  STUDIES 

A,  AMMUNITION  STORAGE,  AMISUKITIOH  FEED,  AND  GUN  MOUNTING  STUDIES 
1.  Ammunition  Storage 

A crude  mock-up  of  g she If- type  ammunition  racking 
system  was  made  (figure  5-1).  .Belted  rounds  were  hung  in 

-i 

vertical' columns  suspended  from  two  rounds  which  rested  on 
* 

the  shelf.  The  links  passed  thru  a slot  In  the  center  of  the 
shelf.  A band  sawed  sprocket  simulated  the  booster.  On  the 
basis  of  trials  with  this  mock-up  this  simple  racking  scheme 
appears  feasible  and  little  further  study  will  be  devoted  to 
the  ammunition  storage  problem. 


2.  Booster  Performance 

Given  the  gun  firing  rate,  the  round  weight,  the 
length  of  the  external  chute,  and  the  assumption  that  the 
belt  tension  immediately  above  the  booster  is  zero,  the 
design  problem  concerning  the  booster  is  to  find  the  time 
available  for  the  booster  to  come  up  to  firing  speed  and  the 
motor  performance  required  to  accomplish  this.  The  prelimin- 
ary analysis  of  ammunition  booster  action  described  in  the 
first  quarterly  report  assumed  that  there  were  twenty  close- 
coupled  rounds  in  the  external  chute  and  neglected  the  effect 
of  link  flexibility.  These  assumptions  would  be  correct 

O Jt 
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rcr  th,  first  burst  after  reloading.  Ko.evor.  If  th, 
ammunition  In  the  nagaaln,  „r,  not  c^ded  ln  th,  ^ 
barat,  (,  likely  event)  U la  eoK)1„n,  th,t  th, 

C°UW  P“h  P3rh”'DS  ^t0  th.  chut,  upon  cocple- 

tion  of  th3  first  burst  t « 

In  this  07snt,  at  tho  start  of  fchs 

second  burst  then,  .cold  be  only  five  close-coupled  round, 

*n  th.  chut.,,  th.  remaining  round3  b,Ina  cMpud  tos9th9r 

by  extended  11*..  Th.  tic,  available  for  th#  booster  to 
on.  up  to  speed  »oulo  then  be  correspondingly  shorter.  An 
atteept  was  cade  to  analyze  th.  action  of  th,  belt  by  Includ- 

ing  belt  flexibility.  This  , 

y.  This  analysis  proved  quite  complex  and 

-as  discarded. In  favor  of  th.  analysis  described  telow. 

The  stretch  of  th.  belt  during  th.  booster  accelerat- 
ing period  la  made  up  of  two  effects! 

(a)  The  stretch  of  the  20  round  belt  due  to  link 
flexibility. 

<bl  The  extension  of  the  belt,  arising  free  the  fact 

that  the  rive  rounds  are  close-coupled  at  th.  start 

of  the  burst;  during  th.  burst  they  extended- 
coupled. 

It  Is  reasonable  to  assume  that  the  link  stretch  will 
be  csxicuc  near  the  gun  end  zero  immediately  above  the  booster 
-here  the  belt  tension  Is  .sauced  to  be  zero.  ,tth  . 
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permissible  link  stretch  of  0.3  inch  per  round  3uch  an 
assumption  leads  to  a maximum  belt  extension  of  1.1  inches 
during  the  period  in  v/hich  the  booster  is  accelerating. 

The  extension  of  the  belt  due  to  the  lost  motion 
in  the  links  is  3.1  inches;  the  total  permissible  belt  ex- 
tension is  then  4.2  inches  corresponding  to  1.3  rounds. 

This  conversion  is  made  because  the  following  analysis’  is 
carried  out  in  rounds  per  minute. 

If  we  assume  that  a 28  volt,  d-c  motor  is  used  to 
power  the  booster,  it  might  have  a sprocket  force  time  curve 
similar  to  the  curve  of  figure  5-2,  v/hich  has  been  simplified 
for  this  analysis.  The  sprocket  force  would  be  high  at  stall 
conditions  and  would  decrease  rapidly  to  the  steady  3tate 
condition  where  it  might  be  41.8  pounds  corresponding  to 
the  weight  of  the  rounds  hanging  on  the  booster  in  the 
magazine. 


During  the  accelerating  period  when  0<  t<ta,  we  can 
express  the  booster  force  (f),  in  pounds,  in  terms  of  sprocket 
stall  force  (P3)  and  the  time  in  seconds  for  acceleration 
(tft)  as  follows. 


?3  -41.8) 


i 5-1 1 
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The  boo3ter  Is  supporting  the  m^ss  of  the  10  rounds  st.ili  in 
the  magazine  or  about:  1.3  3lugs. 

- ■»  o 

The  number  of  rounds  per  foot  of -belt  = 3.69 

The  belt'  acceleration  at  the  booster  will  be 


__  j 

1.3  [3*69  x 1.3  ta  I 


3-69  x 
4.79 


4.79  tj  “ 


(5-2/ 


At  the  end  of  the  time  tg , the  booster  speed  will 
equal  the  firing  rata  of  the  gun,  16.6  rounds  per  39Cond 
(1000  rounds  par  minute),  or 


ta 

f ad  t ” 16 . 6 

O 

ta 

= f 

o 

' >, 

F3  -41.3 

4.79 

* 

4.79  ta 

t dt 


1 5-3  * 


carrying  out  the  integration  and  simplifying  gives 

, . 139 

‘ F3*41.6 


‘5-4 
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This  expresses,  under  the  assumed  conditions,  r,he  time  re- 
quirad-for  ^he  booster  to  come  up  to  firing  speed  as  a 
function  of  booster  stall  force.  During  this  accelerating 
time,  the  total  number  of  rounds  entering  the  chute  will 
be  given  by  the  expression 

t t 

f fa  dt  dt  <5"5> 

0 0 

The  rounds  leaving  the  chute  will  be  16.5  tfl. 

The  excess  of  the  number  of  rounds  leaving  the  chute  over 
the  number  entering  the  chute  will  be  the  permissible  stretch 
of  the  belt,  1.3  rounds,  or 

t.  t 

16.6  ta  - / / a dt  = 1.3  ( 5-6 ) 

oo 

Substituting  equations  (5-2)  and  (5-4)  into  equation  (5-6)  gives 

F3  = 652  lbs. 

and  substituting  this  value  of  Fg  into  equation  (5-4)  gives 

ta  = .20  seconds. 
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Total  bolt  null  -it  t ho  booster  it  the  stnrt.  . 


accelerating  force j + ^friction  | + {weight  cf  rounds 


hanging  from  booster 


£52  + 100  + 42  = 794  lbs. 


Assuming  a 56  to  1 gear  ratio  between  motor  armature  and 
sprocket,  the  required  motor  torque  to  produce  this  belt 
pull  - Z£-l|g l-,8  = 68.1 

Estimated  inertia  of  booster  armature,  gears,  and  sprocket 
is  .016  in-lb-sec2. 

Required  average  armature  acceleration  for  a motor  having  a 
full  load  speed  of  6000  rpm 

_ 6000  x 2w  , , 9 

a 7E — - 3140  rad/sec^ 

60  x .20  ^ 

Peak  armature  accelerating  torque  = Ja  = 2!.Ol6  x3140)  in  lb 

100.5  in  lb 


Peak  booster  motor  torque  = 100.5  + 68.1  = 168.6  in.  lb  at  3tart. 


For  a gun  having  a firing  rate  of  500  rounds  per  minute  with 
a d-c  booster,  the  corresponding  values  are: 


Fq  = 161.6  lb. 


_ '0.0 
a *F3  + 41.6 


= .59  sac 


Peak  motor  torque  - 13  in.  lb.  at  scant, 
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tne  3vsr.^  - hs C tr.e  . j v logon  main  p 0 7/ 0 r supoly  were  cnanysd 
to  a 115- volt , 400-cycle,  three  phase  373 ten,  the  required 
booster  motor  performance  has  been  analysed  bared  on  the  use 
of  an  11,000  rpir.  a-c  motor  with  different  starting  character- 
istics. For  3uch  a motor  figure  5-3  shov/s  the  assumed  booster 
sprocket  force  vs.  time  relation.  • 

In  a manner  similar  to  that  described  above,  the 
corresponding  values  for  a 1000  round  per  minute,  gun  with  an 
a-c  booster  are 

Fg  = 570  lbs. 

ta  = -14  sec. 

Peak  motor  torque  = 116  in-lb. 

and  for  a 500  round  per  minute  gun 

Fs  = 127  lbs. 

t - .31  sec. 
a 

Peak  motor  torque  = 19.6  in-lb. 

The  design  of  the  booster  shown  in  the  first  quarterly 
progress  report  assumes  the  performance  required  of  the  d-c 
booster  for  a 1000  round  per  minute  gun.  Figure  5-4  shows  the 
d-c  booster  for  a 500  round  per  minute  gun.  No  layouts  of  a-c 
boosters  have  been  made,  though  a preliminary  investigation 
showed  that  the  a-b  motor  frame  sizes  for  the  required  torques 
were  not  reasonable. 
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Because  of  the  1 nrr,o  motor  currants  expected,  It  <3 
fait  that  a currant  overload  relay  would  be  more  suitable  for 
protective  purposes  then  a stall  3wltch  In  the  event  of  a gun 
or  feed  Jam. 

..  -3.  Gun  Mounting 

During  the  last  quarter  design  studies  of  mounting 
3chema3  for  the  Armour  gun  ware  started.  A construction  sim- 
ilar to  the  welded  cradle  and  torque  tube  assembly  proposed 
in  the  first  report  for  the  Dixon  gun  is  shown  for  the 
Armour  gun  in  figure  5-5.  This  construction,  although  probably 
quite  rigid,  would  be  unwieldy  to  manufacture  since  accurate 
machining  cf  the  surfaces  which  support  the  guns  would  be 
carried  out  on  the  complete  assembly. 

An  alternate  method  of  mounting  either  of  the  two 
guns  on  an  interchangeable  torque  tube  has  also  been  laid  out. 
The  probable  schedules  for  gun  development  and  mount  develop- 
ment are  ouch  that  a final  decision  on  which  of  the  two  37-mm 
guns  now  under  development  will  be  used  for  Stinger  may  not  be 
made  until  final  mount  design  is  well  under  way.  With  this 
in  mind,  a bolted  construction  seemed  advisable  rather  than 
the  welded  scheme  shown  in  figure  5-5.  An  extension  welded  to 
the  receiver  of  the  Armour  gun  and  in  turn  bolted  to  the  torque 
tuba  is  shown  in  figure  5-6.  These  bolt3  would  be  reamad  in 
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place  after  proper  relative  alignment  of  the  two  guns  had  been 
obtained  about  the  elevation  axis.  A 1 ignorant  in  the  3lant  plane 
would  be  machined  in. 

Such  an  arrangement  does  not  seen  feasible  on  the 

Dixon  gun.  As  a result  a cradle  is  proposed  (figure  5-7;  which 

can  be  bolted  to  the  torque  tube.  Whether  such  an  arrangement 

will  be  rigid  enough  to  obtain  acceptable  gun  dispersion 

* , 

patterns  will  require  further  study  when  more  complete  kinematic 
diagrams  of  the  gun  reactions  are  available. 

4.  Equillbrator  Springs 

Work  has  continued  on  the  equillbrator  spring  problem. 
Studies  of  spiral  springs  such  as  illustrated  in  figure  5-8  for 
the  Armour  gun  and  figure  5-9  for  the  Dixon  gun  have  shown  that 
thi3  type  of  spring  requires  too  much  space  compared  with  that 
needed  for  an  equivalent  helical  spring  even  though  the  torque 
diameter  be  reduced  as  shown  in  figure  5-8. 

Accordingly,  it  is  proposed  that  a helical  spring, 
shown  in.  figure  5-10,  for  the  Armour  gun,  be  used  in  Stinger. 

Thi3  spring  is  designed  to  operate  at  a maximum  extreme  fibre 
stress  of  125,000  pounds  por  square  inch  in  accordance  with 
the  results  of  the  conference  at  Watertown  ‘'rsenal. 
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5.  Links  • 

A layout  of  the  proposed  new  link  for  the  17-inch 
round  in  the  Dixon  gun3  v/os  received.  (Dixon  drawing  C20C-260). 
It  was  furtr.er  understood  that  Armour  was  working  on  a push 
through  type  of  link,  although  no  drawings  of  this  link  have  as 
yet  been  received.  It  would  seem  that  the  rounds  hanging  in 
the  magazine  would  be  more  securely  held  by  a push  through  type 
of  link.  In  operating  the  magazine  acckup  referred  to  earlier, 
considerable  difficulty  was  experienced  with  the  old  links  in 
cnat  they  released  the  rounds  easily.  No  attempt  had  been 
made  to  duplicate  the  weight  of  the  rounds  in  the  mockup  (the 
mocked  up  rounds  weighed  about  six  pounds.  This  tendency  to 
release  rounds  from  the  link3  might  not  occur  in  a static  maga- 
zine, but  might  be  dangerous  in  a moving  vehicle  or  when  the 
rounds  were  being  handled  by  the  booster. 

6.  Recoil  Forces 

A typical  recoil  force  - time  diagram  (figure  5-11) 
was  received  from  Armour  Research  Foundation  for  the  soft 
mounted  57-mm  gun,  T172,  firing  at  600  rounds  per  minute  at 
normal  temperature.  An  attempt  has  been  made  to  comoute  its 
equivalent  in  the  form  of  a sine-co3in9  Fourier  series  for  U39 
in  the  power  control  servo  analysis.  Such  a series  would  have 
the  form 


? = A *■  J A.,  sin  n vi  ♦ y 8 cos 
* vl  a a-1  a 


3 0 t 
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The  curve  r/ie  divided  into  m swtll  parts  of  length  ( At) 
along  the  time  axis  and  the  ordinates  (F)  at  each  point 
measured.  The  average  steady-state  force  is 


a 


1 PpA! 

*« = S^kr~ 3055  lis 


The  first  harmonic  was  obtained  by  considering  that 

MAt  = 2 it 

and  computing  the  corresponding  angle  (Op)  to  each  ordinate. 
Then 

m 


A,  * 


2 Z F sinfip 

_ p*l 


m 


= 5995  lb. 


m 


2 Z Fp  cos  9p 

B =,  Jtll = _899  lb, 

-1*  m 


Computation  of  the  next  six  harmonics  was  carried 
out  in  a similar  manner.  The  results  are  tabulated  as  follows 
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TABLE  5-1 

FOURIER  SERIES  COEFFICIENTS 


Ac. 

3055 

Al 

£995 

B1 

-899 

A2 

637 

b2 

-1591 

A3 

76 

B3 

-130 

a4 

76 

B4 

-165 

A 5 

481 

B5 

-524 

A6 

-55 

B6 

232 

krj 

-49 

B7 

185 

B.  STRUCTURE  STUDIES 

1.  Upper  Structure 

Design  work  on  the  upper  structure  has  been  carried 
out  under  the  assumption  that  l/2-inch  armor  would  be  used  to 
protect  the  components  inside  the  structure.  It  Is  felt  that 
the  more  complex  contours  of  the  pedestal  (such  as  rear  door 
and  the  top  which  humps  over  the  trunnion  and  also  forms  a 
foundation  for  the  scanner)  would  be  more  easily  fabricated 
as  castings.  Making  the  top  of  a casting  would  facilitate  as- 
sembly since  the  trunnion  and  elevating  g9nr  could  be  installed 
before  this  casting  was  bolted  in  place  (figure  5-12).  Thought 
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has  bssn  glvsn  to  looks  to  fsstsn  the  door  In  place.  Ono 
fora  of  a suitable  look  Is  shorn  In  figura  5-13. 

2.  Lower  Structure 

With  receipt  of  vehicle  drawings  from  Detroit 
arsenal,  design  work  was  started  on  the  Stinger  lower  structure 
and  on  adaptation  of  the  vehicle  to  Stinger.  It  was  soon 
evident  that  the  bottom  support  schema  used  for  the  twin 
40-mm.  turret  In  the  vehicle  would  not  be  suitable  for  Stinger; 
more  efficient  use  of  the  available  volume  in  the  vohicle 
would  be  required.  Work  was  concentrated  on  a top-mounting 
scheme  like  that  presently  used  for  the  caliber  .60  Stinger. 
Clearance  available  between  the  turret  and  the  vehicle  walls 
are  shown  In  figures  5-14  and  5-15.  The  large  clearances 
available  encouraged  the  extension  of  the  turret  out  under 
the  main  azimuth  driving  gear.  Assembly  of  the  lower  struc- 
ture bearing  will  not  be  compromised  since  these  extensions 
are  to  be  bolted  to  the  main  welded  frame. 

Experience  in  the  manufacture  the  main  azimuth 
bearing  and  gear  assembly  demonstrated  that  it  would  be 
desirable  to  eliminate  welding  of  the  main  frame  to  the  Inner 
race  of  the  bearing,  if  possible.  Accordingly,  a design  study 
of  this  problem  was  made  and  the  proposed  construction  is  shown 
in  figure  5-ld  which  also  shows  the  proposed  Increase  in  lower 
structure  diameter  below  the  bearing. 
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3.  Azimuth  Barring  Loads 

Analysis  w*s  n^de  of  the  effect  of  the  expected 
firing  loads  on  the  bearing  with  a view  to  determining  if 
the  bearing  used  for  the  caliber  .60  Stinger  could  be  used. 
With  a 15000  pound  recoil  force  of  one  gun  acting  as  a 
static  force,  it  can  be  shown  that  a load  of  about  33,000 
pounds  is  produced  on  the  inner  race  of  the  tearing  where 
the  main  frame  i3  attached.  Considering  the  inner  race  as 
a beam  resting  on  an  elastic  foundation,  the  following 
analysis  7/as  made. 


The  foundation  modulus  is  the  function  which  ex- 
presses the  ratio  of  unit  load  to  unit  deformation  in  the 
beam  support  (in  this  case  the  balls  supporting  the  inner 
race).  Using  formulas  given  by  Roark^the  deflection  of  a 
ball  against  the  cuter  race  is  calculated. 

Let:  r^  = race  groove  radius  = -.663  in, 

r^'=  race  radius  = -37.50  in_ 
r2  = r2 * = tall  radius  = + .625  in. 

E s=  Young* 3 Modulus  = 30  x 106 
V = Poissons  Ratio  = .25 


CONFIDENTIAL 
Security  Information 


K = * 42.9  x 10s 

3 a - v2  j 


(5-3) 


"*  _L+  _L+  " 2 4 

rl+rl  + r2  + r2 


C 5~9  ’ 


0.  = arc  cos  -7  S.  [—  - ~ ] = arc  C03  .833  = 27.4 


4 * \r1 


(5- 10) 


from  the  chart  given  in  Roark, 


a = 2.92 
Bx  = .47 


\ x = 1.41 


In  a similar  manner,  for  the  deflection  of  a ball 


against  the  Inner  race 


= 2.327 


= 26. 7< 


The  total  deflection  of  the  ball  against  the  two 
races  JP  is  the  load  on  the  ball  in  pounds). 


y = *1 


~ x3$ 


= .1729  F J/  3 xl?  -4 
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The  demotion  of  the  ball  and  races  against  the  ball  load 
is  plotted  in  figure  5-17. 


C = Foundation  Vodulua  = JL 

yT 


where  P and  y are  33  before, -Z  = ball  spacing  along 
the  race  = 1.93  inches. 

Values  of  C for  various  values  of  P are  shown  in 
figure  5-18. 

Let  F = recoil  force  acting  = 35000  lbs. 

I * Bending  moment  of  inertia  of  inner  race 
= 1.224  in.4 


- * i Tc 


max  2 J 4SI 


= 307.5 


(5-12) 


Since  C is  a function  of  P,  solving  by  trial  gives 
P = 8600  lb. 

The  original  computations  for  this  bearing  indicated 
that  a safe  force  per  ball  was  about  9400  pounds.  However, 
computations  of  the  contact  stresses  for  both  ball  loads  will 
be  checked  during  the  next  quarter. 
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■The  derivation  of  the  equation  used  in  the  above 
computations  is  based  on  an  infinitely  long  beam.  In  using 
the  analysis  it  was  felt  that  the  inner  race  was  sufficiently 
flexible  with  respect  to  the  foundation  modulus  that  a reason- 
able approximation  of. the  maximum  ball  load  could  be  found  in 
that  way.  A more  complete  analysis  of  the  ball  action  led  to 
a differential  equation  of  the  form 

= K.  +K9x2y  + X*x4y  + *4y2  (5-13> 

dx4  3 


where  y is  the  deflection  of  the  inner  race 

x is  the  length  of  the  race  from  the  point  of 
application  of  the  load 

Kl»  K2»  ^3*  anc*  K4  are  constants 


The  solution  of  this  equation  i3  incomplete  at 

this  tine. 


4.  Azimuth  Power  Transmission  Spring  Constant 

In  the  3ervo  equations  developed  in  Section  IV,  a 
measure  of  the  deflection  of  the  azimuth  power  transmission 
under  load  is  required.  Since  the  gear  box  will  be  similar 
to  the  one  used  on  the  caliber  .50  Stinger,  it  was  felt  that 
a deflection  analysis  of  that  unit  would  give  a measure  of  the 
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spring  constant  of  a box  which  may  b9  redesigned.  In  addition, 
such  an  analysis  would  show  up  possible  methods  of  improving 
the  stiffness  of  the  transmission. 

The  following  factors  were  considered 
. (a)  Torsional  deflection  of  shafts 

'(b)  .Torsional  deflection  of -gear  blanks 

i ' I 

(c)  Bendirig  and  compressive  deflection  of  the 
gear  teeth 

The  following  factors  were  ignored  as  probably  con- 
tributing little  flexibility  to  the  system 

(a)  Radial  deflection  of  the  bearings 

(b)  Bending  deflection  of  the  shafts 

Throughout  the  analysis  it  ha 3 been  assumed  that 
the  various  deflections  are  linear  functions  of  the  applied 
loads.  Thi3  is  not  quite  true,  especially  with  respect  to 
the  compressive  deflection  of  the  gear  teeth.  In  this  case 
the  expected  deflection  under  the  maximum  applied  load  was 
computed  and  the  corresponding  spring  rate  determined.  Such 
a method  lead3  to  a total  spring  rate  based  cn  the  maximum 
expected  system  torques;  the  transmission  will  be  somewhat 
softer  for  lighter  loads. 
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Torsional  deflection  of  n gear  blank 
Let  G = Torsional  modulus 

P = Applied  tangential  load  - pounds 
rj_  = inner  radius  of  blank 
r_  = outer  radius  of  blank 

v • 

9 = angular  deflection  of  blank  - radians 
t = thickness  of  blank 


P/2T7Tt 

M 
r — — 


2TTVax.  — 

Ar 


M _ P 
Ar  2ffr3t 


1 Fo  dr 

2nUi  J±  t2 

1.528  x 10~8 
t 


1 (1 
2-nGt  r4 


Torsional  deflection  of  shaft  = 0 

-4  = 5-31  * 10~3  — 

T r4 

Total  deflection  of  mating  gear  teeth  = $ 

A - JL  Z1  * Z3 

P = FS  Zx  3a 
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where  F.=  face  width  (inches) 

y = Lewis  form  factor 

■2  = Elasticity  form  factor  = y 

724:2  + T.'2Sy 

S - Youngs  Modulus 
P = Applied  load 

Carrying  out  the  Indicated  computations  for  each  member  of  the 
gear  train,  referring  all  computations  to  the  B-end  shaft  and 
summing  gives  the  torsional  spring  constant  for  the  azimuth 
power  gear  box  • 

K = 46.88  x lCf6  rad/in  lb. 

5.  Rotational  Moment  of  Inertia 

To  enable  the  8nalysl3  of  the  power  control  to  get 
under  way,  a preliminary  estimate  of  system  moments  of  inertia 
in  the  elevation  and  azimuth  planes  was  made.  These  estimates 
were  1256  slug  ft^  in  elevation  and  2000  slug  ft*"  in  azimuth, 
both  of  which  were  based  on  use  of  the  Armour  gun. 

Mora  detailed  computations  of  the  moments  of  Inertia 

have  been  undertaken.  The  only  one  which  Is  complete  at  this 

2 

time  produced  a value  of  1078  slug  ft  for  the  moment  of  In- 
ertia in  the  elevation  plana  using  the  Armour  guns. 


C.  VEHICLE 


lower 

Sir.:' e 


Clearances  between  the  vehicle  walls  and  the  Stinger 
structure  ira  discussed  in  paragraph  B of  this  section. 

the  twin  iO-rm  turret  rresentlv  used  ir.  tr.e  vehicle  is 
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supported  from  below,  the  present  hull  structure  around  the 
turret  opening  I3  not  designed  for  rigidity.  Mounting  the 
Stinger  main  bearing  to  the  deck  plates  will  require  some 
reinforcing,  especially  since  the  hatch  openings  in  front  and 
the  engine  compartment  in  the  rear  reduce  any  inherent  rigidity 
afforded  by  connection  to  the  front  and  rear  walls  of  the 
vehicle.  Accordingly,  a proposed  vehicle  modification  to  pro- 
vide more  adequate  support  of  the  turret  against  road  shocks 
and  firing  loads  is  shown  in  figure  5-19. 

D.  ELECTRICAL  POWER  SUPPLY 

The  caliber  .60  Stinger  uses  28-volt,  d c for  pri- 
mary pov/er.  One  of  the  main  reasons  for  using  such  a primary 
supply  on  the  caliber  .60  Stinger  was  the  requirement  for 
emergency  battery  operation  on  the  self  propelled  mount;  the 
trailed  vehicle  has  no  batteries  for  emergency  operation. 
Consideration  is  being  given  to  changing  the  primary  power 
source  from  28-volts,  d c to  115-volts,  400-cycle,  throe  phase 
a c. 

The  advantages  of  such  a change  include 

(a)  Smaller  motors  may  be  used  for  azimuth  and 
elevation  power  drives. 

(b)  Radio  noise  problem  is  simplified. 

(c)  Lina  voltage  drcp3  will  be  reduced. 
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(d)  Le s s copper  will  be  needed. 

(e)  Maintenance  on  n-c  motors  is  low. 
(D  Fewer  commutators  will  be  used, 
(g)  Inverters  will  not  be  necessary. 


The  disadvantages  of  such  a change  include 

(a)  Filament  transformer^.  may  be  necessary. 

(b)  Dynamotors  may  still -be  necessary  for  250  volt 

> i 

d-c  requirements  since  rectifiers  might  not 
have  satisfactory  voltage  regulation. 

(c)  Electronic  power  supplies  to  take  the  place  of 
the  dynamotors  might  be  large. 

(d)  Good  speed  regulation  of  the  alternators  would 
be  necessary. 

(a)  Some  d c would  still  be  necessary 

(f)  Relays  and  starting  boxes  would  be  larger. 

(g)  Battery  operation  would  be  eliminated. 


Further  consideration  of  this  change-over  is  being 
given  to  assess  the  detailed  effect  of  the  change. 

Provision  has  been  made  on  the  self  propelled  vehicle 
for  one  generator  mounted  on  the  main  engine  and  for  a second 
generator  driven  by  an  auxiliary  engine.  For  the  relatively 
high  electrical  power  requirements  of  Stinger  over  that  for 
the  turret  presently  installed  in  the  vehicle,  this  would  mean 
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that  both  engines  would  be  running  when  Stinger  W93  In  U3e. 
Alternatives  to  this  scheme  would  In/olve  mounting  two  15  KVY 
generators  on  the  main  engine  or  of  providing  sufficient 
auxiliary  engine  power  to  drive  these  generators.  In  thi3 
connection  consideration  has  been  given  to  the  use  of  small 
gas  turbines  such  as  are  made  by  Air  Research.  A suitable 
turbine  package  would  be  about  25  x 14  x 31  inches  to  which 
the  generator  or  alternator  could  be  bolted.  Fuel  would  be 
pumped  from  the  main  engine  tanks  by  a small  booster.  Figure 
5-20  shows  a trial  installation  on  the  vehicle  sponsor.  This 
would  be  unsatisfactory  with  respect  to  road  clearance  and 
vulnerability.  However,  it  is  felt  that  use  of  auxiliary 
engines  for  driving  the  generator  merits  further  consideration 
in  view  of  the  reduction  in  main  engine  operating  time  which 
could  be  obtained. 
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APPENDIX  A 

A GLOSSARY  OP  DIRECTOR  SYMBOLS 
27-inn  COMPUTER  STUDY 

For  the  most;  part  the  symbols  used  In  the  Stinger 
have  been  obtained  by  combining  the  initials  of  each  word 
of  each  term.  Since  in  many  cases  the  same  words  are  used 
in  different  combinations,  there  are  actually  relatively 
few  terms  to  be  memorized;  after  these  are  learned,  addi- 
tional terms  will  be  recognized  by  the  different  combinations. 
Only  English  letters  and  capitals  are  used.  A "correction" 
to  a quantity  Is  indicated  by  adding  the  letter  C to  the 
symbol  for  the  quantity.  Likewise,  a "rate"  or  d/dt  is  in- 
dicated by  adding  the  letter  R.  Precession  rates  are  only 
indicated  by  the  suffix  PR.  Occasionally,  to  avoid  confusion 
and  duplication  of  lettering,  a "rate"  Is  Indicated  by  the 
presence  of  a dot  above  the  symbol  for  the  quantity. 

The  3uffix  "Sig"  indicates  the  error  which  drives  a 
particular  servo,  such  as  "LLG  sig."  Symbol  definitions  are 
based  upon  the  assumption  that  LBL  and  VBL  are  Introduced 
a3  precession  rates.  Symbols  not  used  In  computer  T26  are 
identified  by  an  asterisk. 
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- Target  approach  angle. 

Angle  of  departure 

- Basic  smoothing  constant  (AK  = .330) 

("Aiding  Constant") 

- Approximate  lateral  lead  ( ALL  = LL  - LLC) 

- Angular  momentum  of  gyro  (AM  = Iw) 

- Average  projectile-  velocity 

- Approximate  vertical  lesd  (AVL  = VL  - VLC) 

- Ballistic  corrections  to  velocity 
(BCV=Q2C  V+?/CV+TCV+MVCV ) 

- Basic  projectile  velocity 

- Component  angle  (between  LG  and  LLG) 

- Cross  tilt 

- Present  slant  range 

- Range  rate 

- Future  slant  range 

- Firing  azimuth  (as  read  by  dials  after  orientation) 

- Firing  elevation  (with  respect  to  deck) 

- Forward  tilt 

- Gyro  elevation  (GYE  = PS  - YLG).  Also,  GY3  only 
equals  true  gyro  elevation  (gye)  when  PSsig  •*  0 
and  VLGsig  = 0. 

- Constant  of  acceleration  feedback  in  deflection 
servos. 
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" 4 P3F3 

K?S  - Constant  in  fast  settling  circuit  (KFS  - 3 ~EJr?  ) 

KRL  - Constant  in  rate  lag  stabilization 

KDA  - Constant  of  PA  and  p 3 damping  circuit 

KVC  - Constant  used  in  computing  VCRF  (KVC  = a/MY*RD) 

L - Lead  angle,  present  to  future  position 

IB  - Lateral  ballistics  lead  in  LB  plane  * 

' * > 

LBL  - Lateral  ballistic  lead  angle  in  LL  plane  ' ( 

(LBL  = LGBL  + LtfBL} 

LBPR  - Lateral  ballistic  precession  rate  (LBPR  = i£Prt  + LWPR) 
LG  - Lead  with  respect  to  gyro;  gyro  deflection 
LGBL  - Lateral  gravity  ballistic  lead 
LGPR  - Lateral  gravity  precession  rate 
LGR  - Rate  of  change  with  respect  to  tine  cf  ID 
LL  - Lateral  lead  angle,  line  of  sight  to  target 
future  position 

LLC  - Lateral  lead  correction  (from  cam) 

LLG  - Lateral  lead,  gyro  to  gun  (also  called  lateral 
gyro  deflection) 

LOS  - Line  of  sight 

LP  - Lateral  precession 

LPL  - Lateral  precession  lend 

LPR  - Lateral  precession  rate  at  L?R  servo  (LPR  * LPL*  HP) 

LFRG  - Lateral  precession  rate*  of  gyroscope  (LPRG  --  LPR 

sec  LU) 
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LPT  - Lateral  precession  torque 

* LHP  - R?  input  to  lateral  precession  torque  multiplier 

(LRF  = ttt  » cos  L3 • R? ) 
sin  LG 

LS  - Lateral  sight  angle,  gyro  to  line  of  sight, 

LSM  - Lateral  notion  of  combining  glass  (LSM=  ,15  LS) 

LTG  - Lateral  torque  component  perpendicular  to  gyro 
spin  axis  {LTG  = LPT  sec  LIG) 

£•  LVTBL  - Lateral  wind  ballistic  lead 
LWPR  - Lateral  wind  precession  rate 
MV  - Initial  muzzle  velocity 

MVC  - Muzzle  velocity  correction  (KVC  = MV  - 1000  yps) 

MVGV  - Muzzle  velocity  correction  to  velocity 
PE  - Predicted  elevation  (from  computer) 

PL  - Precession  lead 

PR  - Gyro  line  angular  rate  ("precession  rate") 
s-  PRFS  - Precession  rate  of  fast  settling  (PRFS  = PR  +■  3 - SLR) 
PTI  - Projectile  time  interval 

QE  - Quadrant  elevation  (predicted  line  with  respect 
to  gravity)  (CS  = PS  + FT) 

QEC  - Quadrant  elevation  correction 

QSVG  - Quadrant  elevation  correction  to  velocity 

RG  - Slant  range  at  cross-over  (RG  = Rc) 

RCR?  - Range  correction  to  response  factor, 

ED  - Relative  air  density  In  percent 

RF  - Gyro  response  factor  rate  per  unit  lead  angle 
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3 - Sight  angle,  gyro  to  line  of  sight  (S  = AK  3in  L). 

SCR?  - Smoothing  correction  to  reap  on 3®  factor 

SS  - Scanner  elevation  (with  respect  to  zero  PS  line) 

SLE  - Sight  line  elevation  (with  respect  to  zero  PS  line) 

SLR  - Sight  line  rate  (angular) 

SR?  - Sight  response  factor  (SRF  = RP  - SCR?) 

ST  - Settling  tine 

STM  - Modified  3ight  line  time  of  flight  (STM  =<r^gr) 

T - Fahrenheit  temperature 

TCV  - Temperature  correction  to  velocity 

TD  - Target  dimension 

TP  - Time  of  flight 

TPR  - Time  rate  of  change  of  time  of  flight 

TG  - Torque  perpendicular  to  gyro  spin  axis 

TLL  -*  Total  lateral  lead  angle  LOS  to  Gun  (TLL  = LL  + LBL) 

TLPR  - Total  lateral  precession  rata  (TLPR  = LPR  + LB?R) 

TM  - Modified  time  of  flight 

TV  - Target  velocity 

* TVL  - Total  vertical  lead  angle  (TVL  = VL  ♦ VBL) 

* VBL  - Vertical  ballistics  lead  angle  (VBL  = VG3  + VTB) 

* VBPR  - Vertical  ballistics  precession  rate  (VB?R  = RP’VBL) 

VB3  - Vertical  be re sight  deflection 


VC  IF  - 


posit  ier. 


Projectile  velocity  correction  to  response  factor 
Vertical  gravity  ballistic  lead  angle  ("superelevation*) 
Vertical  lead  angle,  line  of  si^ht  to  future 
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VLO  - Vortical  lord  correction  (from  con} 

VLG  - Vertical  lead,  gy re  to  gun 

V?L  - Vertical  precession  lead 

V?R  - Vertical  precession  rate 

V?T  - Vertical  precession  torque 

VRF  - RF  input  to  vertical  precession  torque  multiplier 

(vnF  = fiE~nr*p^ 

VS  - Vertical  sight  angle,  gyro  to  line  of  sight 

VSM  - Vertical  motion  of  combining  glass  (VSM  = .30  VS) 
VT  - Computer  reference  voltage  (VT  = Vj.) 

VTC  - Vertical  torque  component  perpendicular  to  gyro 


spin  axis  ( V7G  = VFT ) 

VWBL  - Vertical  wind  ballistic  lead  angle 
’.VA  - Wind  angle  (V/A  = PA  - V/D) 

WCV  - Wind  correction  to  velocity 

\VD  - V/ind  direction 

WV  - Wind  velocity 

Z - Lateral  Ballistics  factor  (Z  = RF*cos^LLO) 
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APPSKDIX  3 

A GLOSSARY  of  symbols  USED  I1J 
ANALYTIC  STUDIES  OF  THE  DIRECTOR  ' 

37 -inn  COMPUTER  STUDY 

a - Retardation  coefficient  (sec3~^)  for  37-mm, 

a = 0.1562  x 10"4  RD  V MV  (fp3)/Cg  ± , 

A f - True  FA  = FA  - S?A 

Ao  - True  present  (observed)  azimuth  = OA  - EA 

Cg  - Ballistic  coefficient  wish  respect  to  Gg  ^*Units:psl 

D0of  - Present  slant  range  at  ’open  fire* 

E - Relative  retardation,  secs"1 

- Azimuth  tracking  error 
Eg  - Elevation  tracking  error 

Ef  - True  FE  = FE  - Spc 

E_.  - Overall  director  gun  error  in  azimuth 

Epg  - Overall  director  gun  error  in  elevation 

Eg  ~ Error  in  load  angle  L 

Ejj  - Resultant  maximum  error  in  yards  normal  to  the 

tra  jectory 

Ejj(ptlm)  - Resultant  maximum  potentiometer  linearity  error 
in  yards  normal  to  the  trajectory 
Ejj(ptrn)  - Resultant  maximum  potentiometer  resolution  error 
in  yards  normal  to  the  trajectory* 
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True  02  -=  02  - 2„ 

Sj 


2pr 

2ptl 

^tlm 

Sptr 

^ptrm 

•SRP 

fps 

gJ3 

°8.1 

Kd 

m. p. i« 
mp3 
0A 
OS 

P 

p3 1 

pgyi 

PCT 


R 


Ti?of 


Frece3sion  rate  error 
Potentiometer  linearity  error 
Maximum  potentiometer  linearity  error 
Potentiometer  resolution  error 
Maximum  potentiometer  resolution  error 
Error  in  response  factor 
Feet  per  second 

Actual  gyro  elevation  (GYE  + PE  sig) 

Drag  function  for  type  8.1  projectile 
Drag  coefficient 
Mean  po-int  of  impact 
Mils  per  second 

Azimuth  of  director  line  of  sight 

Present  (observed)  elevation,  in  plane  containing  LOS 
and  pfl  axis 

Heaviside  differential  operator  (px  = = x) 

Pounds  per  square  Inch 

Position  of  gyro  in  lateral  plane  (90°  - LLG  - FA  Sig) 
Present  course  time  • PGT  = Present  time  minus 
time  at  which  target  reaches  present  position 
crossover. 

Ground  range 

Tima  of  fight  at  ’open  fire' 
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™of 

- Modified  time  cf  flight 

u 

- (u  = APV*DO) 

ypa 

- yards  per  sscond 

'open  fire* 
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FIGURE  3-4 

PRECESSION  MECHANISM- 
TEN  -TURN  MELlPOT  MOOEL  I COMPUTER 


CONFIDENTIAL 
TV  PlFC»MAT!©' H 


BOTTOM  V/£W 


URlTY  INFORMATION 


SECURIT  t IflFCRMiT 


